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8  A  C  K  o  R  0  U  N  l! 


On  March  22,  1992,  USAir  Flight  405,  departing 
from  New  York’s  La  Guardia  Airport,  crashed  on 
takeoff.  The  Federal  Aviation  Administration  (FAA)  is 
proceeding  on  the  assumption  that  this  tragedy  was 
due  to  icing. 

In  response,  the  FAA  initiated  a  6-month  effort  to 
improve  the  safety  of  winter  flight  operations.  This 
effort  will  result  in  safety  improvements  that  will  be 
implemented  before  next  winter.  A  better  under¬ 
standing  of  airplane  ground  deicing  and  anti-icing 
issues  is  a  crucial  prerequisite  to  the  implementation 
of  feasible  and  effective  safety  improvements.  To 
achieve  this  goal,  the  FAA  sponsored  a  conference  at 
which  the  international  aviation  community  could 
exchange  thoughts  and  offer  recommendations  on  a 
variety  of  issues  concerning  safe  winter  operations. 


On  May  28  and  29, 1992,  the  FAA  held  the  Interna¬ 
tional  Conference  on  Airplane  Ground  Deicing  to 
develop  a  better  understanding  of  airplane  deicing 
and  anti-icing  issues.  More  than  750  participants 
discussed  the  problems  posed  by  aircraft  deicing  and 
examined  possible  solutions.  The  conference  pro¬ 
duced  suggestions  for  corrective  actions  that  should 
be  taken  before  this  winter  and  possible  long-term 
improvements  to  existing  systems.  The  focus  of  the 
conference  was  carrier  operated  turbine-powered  air¬ 
planes  with  more  than  30  passenger  seats. 

The  conference  opened  with  a  conference  charge  by 
the  Acting  FAA  Administrator,  followed  by  status 
reports  from  industry  representatives.  The  FAA  orga¬ 
nized  the  conference  into  five  woridnggroups:  Aircraft 
Design  Considerations;  Ground  Deicing  and 
Anti-icing  Systems;  Air  Traffic  Control  and  Sequenc¬ 
ing;  Deicing  Personnel,  Procedures  and  Training;  and 
Ice  Detection  and  Recognition  and  Crew  Training. 


Background 


Reston,  Virginia 
May  28 -29, 1992 
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CONFERENCE  CHARGE 


Reston,  Virginia 
May  28  -  29, 1992 


Ladies  and  Gentlemen:  Sixty- 
sevendays  ago, inalate  March 
snowstorm,  USAir  Flight  405 
pushed  back  from  the  gate  at  New 
York’s  La  Guardia  Airport,  bound 
for  Cleveland,  Ohio. 

Like  the  two  million  people  who 
daily  board  a  plane  somewhere  in 
the  world,  the  51  passengers  on 
Flight  405  trusted  “The  System”  to 
getthem  to  their  destination  safely. 

But  that  was  a  fateful  evening. 

Something  went  dreadfully  wrong. 

Flight  405  crashed  on  takeoff. 

Twenty-seven  people  perished. 

“The  System”...that  vast  network 
that  we’re  all  part  of:  the  Federal 
government, theairlinecompanies, 
the  airframe  manufacturers,  the 
airport  operators,  the  pilots,  the 
ground  crews...somehow“The  Sys¬ 
tem”  failed.  A  momentary  failure 
perhaps,  but  a  failure  nonetheless. 

We  won’t  know  for  cure  what  hap¬ 
pened  to  Flight  405  until  the  Na¬ 
tional  Transportation  Safety  Board 
completes  its  investigation.  Butthe 
conventional  wisdom  is  that  icing  contributed  to 
that  accident. 

We  at  the  FAA,  without  prejudging  the  NTSB’s 
investigation,  have  pledged  to  confront  the  issue  of 
icing  directly. 

This  conference  was  called  for  that  very  purpose.  We 
have  at  hand  an  opportunity  to  bring  forth  the  best 
technical  solutions  to  the  problem  of  airframe  icing. 
Then  we’ve  got  to  put  the  most  promising  ideas  to  work 
before  next  winter. 

Over  the  years,  you,  as  representatives  of  international 
aviation,  have  collaborated  to  reduce  the  hazards  of 
wind  shear,  midair  collisions,  aging  aircraft,  and  ter¬ 
rorism.  We’ve  pooled  information  and  technology  to 
meet  each  newchallenge,  each  newthreat.  And  through 
our  collective  efforts,  we’ve  made  air  travel  the  safest 
form  of  transportation  in  the  world. 


Yet  despite  our  many  remarkable 
achievements, worldwidestatistics 
show  that,  over  the  last  25  years, 
icing  has  been  a  factor  in  over  a 
dozen  accidents  involving  nuyor 
transport  aircraft. 

I  find  it  sad,  even  ironic,  that  with 
all  our  great  technology,  ordinary 
winter  weather,  like  snow,  ice,  and 
frost,  is  still  capable  of  bringing 
down  the  most  sophisticated  air¬ 
craft,  the  most  experienced  pilot. 

As  Senator  D’Amato  told  us  at  the 
field  hearing  on  April  16,  1992, 
“There  are  some  weather-related 
problems  from  which  aircraft  can¬ 
not  be  protected...but  deicing  is 
not  one  of  them."  Senator  D’Amato 
is  right.  Additional  safeguards 
must  and  will  be  put  in  place 
before  next  winter. 

The  overwhelming  response  to  this 
conference  (there are over500par- 
ticipants  from  19  countries  here) 
is  proof  of  our  common  concern. 

Whenever  harm  befalls  air  travel¬ 
ers  anywhere  on  the  globe...what- 
ever  their  nationality.  ..whatever  the  cause,  the  dismay 
is  felt  by  everyone  throughout  the  world. 

I  was  touched  by  the  many  helpful  suggestions  we 
received  from  people  whose  day-to-day  jobs  are  in 
aviation — pilots,  air  traffic  controllers,  dispatchers, 
ground  crews.  Most  of  them  couldn’t  be  here,  but  I 
want  to  acknowledge  their  contributions. 

The  compassion  and  concern  of  people  everywhere 
was  evident  in  the  many  letters  received  by  the  FAA 
and  by  newspapers  throughout  the  country.  A  man 
from  Greenwich,  Connecticut,  wrote  to  suggest  in¬ 
stalling  a  deicing  station  at  the  end  of  the  runway  so 
planes  could  be  deiced  just  before  takeoff. 

A  woman  from  New  York  recommended  the  addition  of 
afluorescent  dye  to  the  deicing  fluid.  As  the  color  wore 
off,  the  pilot  would  know  the  fluid  had  lost  its  effectiveness. 


"The  System"... 
that  vast  network  that  we’re 
all  part  of:  the  Federal 
government,  the  airline 
companies,  the  airframe 
manufacturers,  the  airport 
operators,  the  pilots, 
the  ground  crews... 
somehow  "The  System” 
failed.  A  momentary  failure 
perhaps,  but  a  failure 
nonetheless. 


BARRY  L.  HARRIS 

Acting  Administrator 

Federal  Aviation  Administration 


Reston,  Virginia 
May  28  -  29, 1992 
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BARRY L.  HARRIS 
Acting  Administrator 
Federal  Aviation  Administration 


Reston,  Virginia 
May  28 -29, 1992 


These  people  didn’t  claim  to  be  aviation  experts.  Yet 
here  you’ll  hear  many  expert  safety  analysts  talking 
about  very  similar  ideas.  This  conference  maywellfind 
that  its  most  difficult  task  is  not  the  generation  of  new 
concepts,  but  choosing  from  among  many  worthy  pro¬ 
posals.  Typically,  each  proposal  will  have  its  advan¬ 
tages  and  drawbacks,  advocates  and  detractors.  That 
is  as  it  should  be.  That  will  produce  productive  debate. 

The  FAA’s  rule  is  frustratingly  simple:  No  pilot  may 
take  off  until  all  critical  components  of  the  aircraft  are 
free  of  adhering  snow,  frost,  or  other  ice  formations. 

Any  pilot  who  has  flown  for  a  m^jor  airline  for  any 
length  of  time  has  probably  made  dozens  of  go/no-go 
decisions  under  adverse  weather  conditions.  Luckily, 
they  were  almost  never  wrong. 

The  problem  is,  luck  should  have  nothing  to  do  with 
this  decision.  A  pilot  who  has  the  responsibility  for  a 
go/no-go  decision  on  a  winter  takeoff  must  have  the 
best  information  possible  to  make  that  decision. 

We  at  the  FAA  are  coming  to  believe  that  one  of  the 
surest  ways  to  do  this  is  through  mandatory  rules 
requiring  specific  time  limits  between  deicing  and 
takeoff.  Unless  we  hear  a  better  alternative  from  you, 


we’re  prepared  to  take  this  step.  I’m  especially  inter¬ 
ested  in  hearing  your  views  on  this  recommendation, 
and  I’d  like  your  ideas  on  what  the  time  intervals 
should  be  and  how  best  to  implement  them. 

I’d  also  like  your  opinions  as  to  which  of  the  deicing 
fluidswork  best  underwhich  conditions.  Weknow  that 
the  European  Aviation  Authorities  have  been  using 
Type-II  fluids  since  the  1960’s.  Several  airports  in  the 
United  States  have  used  them  as  well. 

Tell  us  about  your  experiences  with  these  fluids.  Tell  us 
what  work  is  needed  before  we  encourage  more  wide¬ 
spread  use  in  this  country.  And  tell  us  what  hazards 
there  may  be  to  people  and  to  the  environment  that  we 
should  be  addressing. 

I’d  like  to  hear  recommendations  from  the  air  carriers 
and  airport  operators  on  how  they  would  go  about 
installing  additional  deicing  stations  and  where  they 
should  be  placed  for  maximum  efficiency. 

I  want  to  hear  from  ground  crews  about  the  best 
procedures  for  deicing  aircraft. 

I’d  like  to  hearfrom  pilots  about  what  training  will  best 
help  them  to  spot  and  deal  with  ice  and  other  contami¬ 
nants.  I’d  like  to  know  what  special  training  maintenance 
people  will  need  in  order  to  work  with  Type-II  fluids. 

And  I  want  to  hear  recommendations  for  more  effi¬ 
cient  air  traffic  control  procedures.  The  January  Air 
Traffic  Bulletin  contained  an  account  of  a  pilot  who 
deiced.. .waited  35  minutes  on  the  runway  in  freezing 
rain,  snow,  and  drizzle...  then  spent  another  hour  going 
back  to  the  gate  for  a  second  deicing.  What  procedures 
should  we  consider  to  stop  this  kind  of  delay? 

These  are  some  of  the  questions  I  would  like  this 
conference  to  consider  over  the  next  two  days. 
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I’m  confident  that  you  will  give  us  a  balanced  and 
insightful  evaluation  of  the  possib’  .lutions  which 
have  been  proposed.  Your  discussions  will  help  us 
formulate  a  plan  of  action  for  the  immediate  future. 


But,  because  I  believe  we  need  to  move  quickly,  we’ve 
already  initiated  some  significant  efforts.  I’d  like  to 
mention  just  a  few  of  them. 


The  SAE  technical  society  has  accelerated  two  projects. 
The  first  is  the  all-important  task  of  developing  the 
standards  for  Type-11  fluids.  The  second  is  the  comple¬ 
tion  of  the  handbook  on  deicing  methods.  They’re  here 
to  tell  you  about  their  progress. 


In  another  effort,  the  Airports  Association  Council 
International  recently  gathered  information  on  deic¬ 
ing  facilities  at  over  40  airports  across  the  nation  and 
will  present  their  findings  to  this  conference. 


The  survey  provides  valuable  information  on  where 
deicing  facilities  are  presently  located,  the  types  of 
deicing  fluids  in  use,  and  whether  or  not  relocation  or 
construction  of  additional  deicing  stations  is  possible 
at  those  locations. 


Within  the  FAA,  we’ve  been  putting  the  final  touches 
on  our  “Pilot’s  Guide  to  Large  Airplane  Ground  Deic¬ 
ing.”  It’s  apocket-sized  quick  reference  guide,  summa¬ 
rizing  the  basic  ground  rules,  written  in  pilot  language. 
We’ve  promised  to  make  this  guidebook  available  to 
pilots  before  the  icing  season  this  year. 


Some  will  insist,  regardless  of  what  we  do,  that  it  is  not 
enough.  Others  may  say  tnat  anything  we  do  will 
impose  new  regulatory  and  economic  burdens,  or 
make  air  travel  less  convenient  or  more  expensive  for 
travelers. 


BARRY t.  HARRIS 


No  doubt  there  will  be  a  cost  to  whatever  we  decide  to 
do.  But  we  pay  a  price  for  inaction  as  well:  A  loss  of 
public  confidence  in  effective  govemment...a  diminu¬ 
tion  of  public  trust  in  air  safety.  That’s  a  price  none  of 
us  wants  to  pay. 


I'm  sure  that  the  world  wide  aviation  community  will 
be  watching  to  see  what  we  will  do  here  this  week.  So 
let  us  begin  this  conference  in  the  full  confidence  that 
solutions  are  within  our  reach.  I  personally  appreciate 
your  being  here  today,  because  I  value  your  opinions, 
and  I’m  looking  forward  to  your  reports  and  conclusions. 


Acting  Administrator 


Federal  Aviation  Administration 


Reston,  Virginia 
May  28  -  29, 1992 


Bureaucracies  like  ours  are  often  accused — some¬ 
times  rightly  so — of  a  lumbering  lack  of  responsive¬ 
ness.  But  I  believe  we  will  persuade  even  our  severest 
critics  that  we’ve  moved  swiftly  and  decisively  in 
seeking  to  reduce  the  winter  hazards  of  aircraft  icing. 


REMARKS 


Reston,  Virginia 
May  28  -  29, 1992 


Thank  you  very  much,  Barry, 
and  I  thank  all  ofyou  for  being 
here,  especially  those  of  you  who 
have  flown  in  from  all  over  the 
world  to  participate  in  this  veiy 
significant  conference.  We  really 
do  value  your  expertise,  and  we  rec¬ 
ognize  the  progress  that  some  of 
you  have  already  made  on  the  air¬ 
craft  de-icingproblem,andwewant 
to  learn  together  from  you  and 
with  you. 

I  also  want  to  congratulate  FAA 
acting  administrator  Barry  Harris. 

Barry  is  the  one  who  called  this 
conference,  and  Barry  has  done  a 
great  job  of  focusing  industry  and 
government  attention  on  the  deic¬ 
ing  issue.  We  owe  him  a  great  deal  of  gratitude  for 
allowing  us  to  recognize  the  importance  of  this  inter¬ 
national  opportunity  to  address  a  very  significant 
problem  that  is  not  just  a  problem  in  the  United  States, 
but  a  problem  throughout  the  world.  I  also  want  to 
thank  Dave  Harrington  of  the  FAA,  and  his  staff,  for 
what  they’ve  done  in  pulling  t  his  meeting  together.  It  is 
acomplicatedmeetingandtheypulledittogetherinreconl 
time,  so  thank  you  very  much,  Dave. 

The  National  Transportation  Safety  Board  Report  on 
the  tragedy  at  La  Guardia  in  March  isn’t  in,  but  all 
indications  are  that  ice  did  in  fact  play  a  part  in  that 
tragedy.  The  Bush  Administration  is  committed  to 
seeing  that  similar  icing  accidents  never  happen  again.  As 
Secretary  of  Transportation,  safety  is  my  number  one 
priority,  and  it  is  the  Department’s  number  one  priority. 

The  good  news  is  that  progress  has  been  made  since 
the  La  Guardia  accident.  More  than  40  airports  have 
established  groups  to  work  on  the  problems  of  icing. 
Industry  groups  such  as  SAE  (Society  of  Automotive 
Engineers)  have  been  hard  at  work  on  new  techniques 
for  dealing  with  the  problem.  And  the  free  flow  of  ideas 
at  this  meeting  today  adds  to  the  arsenal  of  weapons 
against  aircraft  icing  tragedies.  We  will  keep  this 
momentum  going  to  maintain  strong  focus  during  the 
summer  and  fall  when  icing  would  normally  be  the 
furthest  from  our  thoughts,  because  we  recognize  that 
this  Ls  not  only  a  national  problem,  it  is  an  interna¬ 
tional  problem  that  demands  out  attention. 


No  one  expects  a  panacea  from  this 
conference.  Deicing  is  a  very  com¬ 
plex  issue  and  there  is  no  regula¬ 
tion,  procedure,  or  technological 
development  that  will  provide  the 
complete  answer.  But  we  will 
leam-I  think  we  will  learn  a  lot 
here-that  we  can,  and,  in  fact,  that 
we  will  do  better.  A  lesson  from  the 
La  Guardia  tragedy  is  that  educa¬ 
tion  and  trainingare  key.  Vigilance 
is  vital.  Cooperation  between  pi¬ 
lots,  the  air  traffic  controllers,  and 
airport  authorities  is  the  most  im¬ 
portant  ingredient  of  all. 

You  see,  deicing  is  not  a  govern¬ 
ment  problem  alone.  It’s  not  an 
industry  problem  alone.  It’s  aprob- 
lem  we  all  share,  and  in  order  to  solve  the  problem,  it’s 
essential  thatwe  work  together.  The  FAA  iscommitted 
to  having  new  deicing  procedures  in  place  before  this 
winter.  And  for  the  long  haul  we  need  to  encourage 
industry  to  develop  new  technologies,  new  systems, 
new  designs  that  could  help  eliminate  or  prevt  at  the 
deadly  build-up  of  ice  on  wings  and  other  vital  airerafi 
components. 

You  will  be  meeting  in  working  groups  and  you’ll  have 
a  chance  to  look  at  the  aircraft  icing  issues  from  all  of 
these  perspectives.  And  I  encourage  you  to  have  a  free 
flowing  dialogue  of  creative  tanking  so  that  new 
solutions  are  discussed,  so  that  you  are  challenging 
those  who  have  to  deal  with  this  issue. 

And  finally,  aviation  safety  is  the  bottom  line  for 
everyone  in  this  room.  We  know  that.  We’ve  attracted 
the  very  best  minds  from  around  the  world  to  focus  on 
this  particular  threat  to  safety,  and  I  have  every  confi¬ 
dence  that  we  all  will  keep  the  momentum  building 
until  aircraft  deicing  becomes  a  non-issue.  This  con¬ 
ference  does,  in  fact,  set  the  stage  for  a  significant 
difference.  There  will  be  new  rules.  There  will  be  new 
procedures.  Icing  problems  will  have  been  addressed. 
And  I  thank  you  very,  veiymuchforyouratention, and 
I  thank  you  most  of  all  foT  your  commitment  to  making 
a  difference. 


You  see,  deicing  is  not  a 
government  problem  alone. 
It's  not  an  industry  problem 
alone.  It's  a  problem  we  all 
share,  and  in  order  to  solve  the 
problem,  it’s  essential  that  we 
work  together. 


ANDREW  H.  CARD,  JR. 

U.S.  Secretary  Of  Transportation 


Reston,  Virginia 
May  28  -29, 1992 
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STATUS 


REPORTS 

FROM 

INDUSTRY 


Reston,  Virgii, 
May  28  •  29, 1992 


AIRPLANE  GROUND  DEICING/ANTI-ICING  FLUIDS 
STATUS  OF  NASA  PROGRAMS 


John  J.  Reinmann 
NASA  Lewis  Research  Center 


JOHN  J.  REINMANN 


NASA  Lewis  Research  Center 
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JOHNJ.  REINMANN 


NASA  Lewis  Research  Center 


continued 


FEATURES  OF  AEA  TYPE  I  AND  TYPE  II  FLUIDS 


TYPE  I 

•  UNTHICKENED 

•  AT  LEAST  80%  GLYCOL 

•  LIMITED  HOLDOVER  TIME  - 
THIN  LIQUID  FILM  ON  WING 


TYPE  II 

•  THICKENED 

•  AT  LEAST  50%  GLYCOL 

•  LONGER  HOLDOVER  TIME  - 
THICKER  LIQUID  FILM  ON  WING 

.  WIND  SHEAR  THINS  FLUID 


EBB 


CONCERNS  ABOUT  DEICING/ANTI-ICING  FLUIDS 


•  HOW  COMPLETELY  DO  THE  FLUIDS  FLOW  OFF  BY 
LIFTOFF? 

•  WHAT  IS  THE  AERODYNAMIC  DEGRADATION 
CAUSED  BY  THE  FLUID  REMAINING  AT  LIFTOFF? 

•  DEGRADATION  IS  EXPECTED  TO  BE  MOST  SEVERE 
ON  LOW  SPEED  AIRCRAFT. 
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I 


i 


\ 


NASA 

EFFECT  OF  LEADING-EDGE  ROUGHNESS  ON 
MAXIMUM  LIFT  AND  STALL  ANGLE 


(rough)  (clean) 

Angle  of  Attack 


JOHNJ.  REINMANN 

NASA  Lewis  Research  Center 


continued 


mm 


DEICING/ANTI-ICING  FLUIDS 
HANDLING/PERFORMANCE  IMPLICATIONS 

•  INCREASED  ROTATION  SPEEDS  /  INCREASED  FIELD  LENGTH 

•  INCREASED  STALL  SPEEDS  /  REDUCED  STALL  MARGINS 

•  LIFT  LOSS  AT  CLIMB-OUT  /  INCREASED  PITCH  ATTITUDE 

•  INCREASED  DRAG  DURING  ACCELERATION  /  INCREASED 
FIELD  LENGTH 

•  INCREASED  DRAG  DURING  CLIMB 
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JOHN  J.  REINMANN 

NASA  Lewis  Research  Center 


continued 


mm 


NASA  PROGRAMS  IN  SUPPORT  OF 
GROUND  DEICING/ANTI-ICING  FLUIDS 


•  EFFECTS  OF  TYPE  I  &  II  FLUIDS  ON  TAKEOFF  AERODYNAMICS 

•  EFFECTS  OF  ROUGHNESS  ON  WING  AERODYNAMICS 

•  BIODEGRADABLE  DEICING  FLUIDS 


NASA  PROGRAMS  IN  SUPPORT  OF 
GROUND  DEICING/ANTI-ICING  FLUIDS 


.(oaVNAMICS 


•  EFFECTS  OF  ROUGHNESS  ON  WING  AERODYNAMICS 


•  BIODEGRADABLE  DEICING  FLUIDS 
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1 982  BOEING  OBSERVED  AEA  TYPE  II  FLUIDS  REMAINED  ON 
WING  AT  TAKEOFF  AND  CAUSED  ADVERSE 
AERODYNAMIC  EFFECTS. 

BOEING  CAUTIONED  AIRLINES  ABOUT  THESE  FLUIDS. 

1984-1987  AEA/von  KARMAN  INSTITUTE  CONFIRMED  BOEING’S 
FINDINGS. 

1 988  FLIGHT  TESTS  BY  BOEING/AEA  ON  A  737-200  ADV 
CONFIRMED  TYPE  II  FLUIDS  CAUSED  MEASURABLE 
TAKEOFF  PENALTIES. 

SINCE  DATA  AT  MAXIMUM  LIFT  COULD  NOT  BE  SAFELY 
OBTAINED  IN  FLIGHT  TESTS,  BOEING,  AEA,  AND  FAA 
REQUESTED  USE  OF  NASA’S  ICING  RESEARCH  TUNNEL. 
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EFFECTS  OF  FLUIDS  ON  TAKEOFF  AERODYNAMICS 

NASA  LEWIS  IRT  /  BOEING  /  AEA  /  FLUID  MANUFACTURERS 

APRIL  1988 

OBJECTIVES: 

1.  EVALUATE  EFFECTS  OF  AEA  TYPE  I  &  II  FLUIDS  ON  TAKEOFF  AERODYNAMICS 

2.  TEST  BOTH  THEN-CURRENT  AEA  FLUIDS  AND  EIGHT  NEW  FORMULATIONS 

RESULTS: 

1.  NEW  FLUIDS  GAVE  LOWER  AEROPENALTIES.  USED  IN  1988-89  WINTER  OPS 

2.  PROMPTLY  DISTRIBUTED  DATA  THROUGHOUT  NORTH  AMERICA  AND  EUROPE 

3.  AIRFRAMERS  USED  DATA  TO  ASSESS  NEED  FOR  TAKEOFF  ADJUSTMENTS 

4.  DATA  USED  TO  DEVELOP  AND  VALIDATE  SIMPLIFIED  AERO  ACCEPTANCE  TEST 


EFFECTS  OF  FLUIDS  ON  TAKEOFF  AERODYNAMICS 

NASA  LEWIS  IRT  /  BOEING  /  AEA  /  FLUID  MANUFACTURERS 

JANUARY  1990 

OBJECTIVES: 

1.  EVALUATE  EFFECTS  OF  DILUTED  FLUIDS  ON  TAKEOFF  AERODYNAMICS 

2.  TEST  FLUIDS  ON  JET  TRANSPORT  MODELS  AND  TURBOPROP  A/C  MODELS 

RESULTS: 

1.  SOME  FLUIDS  CHANGED  SINCE  1988  TESTS.  REQUALIFY  EVERY  2  YEARS 

2.  DILUTED  FLUIDS  GAVE  LOWER  AERO  PENALTIES  THAN  UNDILUTED 

3.  PROPYLENE  GLYCOL  AND  DI-ETHYLENE  GLYCOL  SHOULD  BE  DILUTED 

4.  FOR  COMMUTER  A  /  C,  IMPORTANT  PARAMETER  WAS  TIME  TO  ROTATION: 

•  15  SEC  WAS  INADEQUATE  TIME  FOR  TYPE  II  FLUID  RUNOFF 

•  30  SEC  GAVE  MARKED  IMPROVEMENT  IN  TAKEOFF  PENALTIES 


mm 


AERODYNAMIC  EFFECTS  OF  DEICING/ANTI-ICING 
FLUIDS  AT  OPERATIONAL  CONDITIONS 

•  737 -200ADV,  3D  half  model  1  Dow  Flightgard  2000  4  Octagon  ADF1427  (PG) 

•  Flaps  5  2  Kilfrost  ABC-3  5  UCAR  ADFIID  (EG) 

•  NASA  Lewis  IRT,  Feb.  1990  3  Hoechst  VP1732  (AEA  Type  I) 


Lift 

Loss,  % 


Temperature  °C 
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EFFECTS  OF  ROUGHNESS  ON  WING  AERODYNAMICS 

NASA  LANGLEY  LTPT/  DOUGLAS  AIRCRAFT  COMPANY 
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NASA  PROGRAMS  IN  SUPPORT  OF 
GROUND  DEICING/ANTI-ICING  FLUIDS 


•  EFFECTS  OF  TYPE  I  &  II  FLUIDS  ON  TAKEOFF  AERODYNAMICS 


BIODEGRADABLE  DEICING  FLUIDS 


NASA 

EFFECT  OF  LEADING-EDGE  ROUGHNESS  ON  LOSS 
OF  MAXIMUM  LIFT 

NASA  LANGLEY  LTPT/  DOUGLAS  AIRCRAFT  COMPANY 
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NASA  PROGRAMS  IN  SUPPORT  OF 
GROUND  DEICING/ANTI-ICING  FLUIDS 


•  EFFECTS  OF  TYPE  I  &  II  FLUIDS  ON  TAKEOFF  AERODYNAMICS 

•  EFFECTS  OF  ROUGHNESS  ON  WING  AERODYNAMICS 


ENVIRONMENT-FRIENDLY  DEICING/ANTI-ICING  FLUIDS 

NASA  AMES 

CHARACTERISTICS: 

•  BIODEGRADABLE  NON-TOXIC 

-  LOW  BIOCHEMICAL  OXYGEN  DEMAND  POTENTIAL 

•  TYPE  I  FLUID;  POTENTIAL  TYPE  II  FLUID  BEHAVIOR 

•  NON-SLIPPERY 

•  COST  COMPETETIVE 

STATUS: 

•  LABORATORY  SAMPLES 

•  TAILORING  AND  REFINING  OF  FORMULATIONS 


-TYPE  II  PROPERTIES 
-  MEET  AEA  SPEC'S 


JOHN  J.  REINMANN 


NASA  Lewis  Research  Center 


IIMASA 

SUMMARY 


continued 


•  EFFECTS  OF  TYPE  I  &  II  FLUIDS  ON  TAKEOFF  AERODYNAMICS 

•  EFFECTS  OF  ROUGHNESS  ON  WING  AERODYNAMICS 

•  BIODEGRADABLE  DEICING  FLUIDS 


IfUASA 

LOW-POWER  IMPULSE  DEICER  TEST  PROGRAM 

NASA  LEWIS  IRT  /  AIR  FORCE  /  INDUSTRY 

OBJECTIVE: 

•  DEVELOP  EXPERIMENTAL  DATABASE  ON  ADVANCED  IMPULSE  DEICERS 

RESULTS: 

•  TESTED  4  DIFFERENT  IMPULSE  DEICER  CONCEPTS 

•  DETERMINED  MINIMUM  ICE  THICKNESS  THAT  CAN  BE  REMOVED 

•  MEASURED  ICE  THICKNESS  REMAINING  AFTER  IMPULSE 

•  MEASURED  SIZE  OF  ICE  PARTICLES  EJECTED  BY  IMPULSE 
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ELECTRO-EXPULSIVE  SEPARATION  SYSTEM  (EESS) 

NASA  Patent  #4,690,353 


CHARACTERISTICS 

•  Compact,  lightweight,  retrofittable 

-  20  mil.  inch  thick 

-  4  ounces/square  foot 

•  Low  power 

-  De-ice  (pulverizes) 

10  watts/square  foot 

-  Anti-ice 

30  watts/square  foot 

•  Durable,  mil.  specification  boot  material 

•  Complex  surfaces 


EVALUATIONS/STATUS 

•  Icing  wind  tunnel  testing 
-frost  thru  1  inch  glaze  ice 

•  Flight-tested 

-  Lewis  Twin  Otter 

-  Navy  F/A-18  inlet 

-  Commuter  aircraft 

•  B-1B  Inlet  (B.  F.  Goodrich) 

•  Commercial  market  license  (ONE) 
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ACTIONS  FOLLOWING  THE  DRYDEN  ACCIDENT 


Transport  Canada 


Harvey  J.  Layden  &  John  Kaldeway 
Transport  Canada 


The  Accident 
Commission  of  Inquiry 
Actions  Taken 

•  Regulatory 

•  Training 

•  Operations  -  Circulars 

•  Research  &  Development 

•  Special  Project 

•  Toronto  (LBPIA) 
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The  Accident 
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2nd  Interim  Report 


HARVEY J.  LAYDEN 


2nd  Interim  Report 


•  Recommendations  (Cont'd) 

10.  Correct  incompatibilities  between  departure  delays  and 
de/anti-icing  fluid  hold-over  times 

1 1 .  Maintain  equipment  and  develop  procedures  for 
clean-up  and  disposal  of  de/anti-icing  fluids 

12.  Advance  aircraft  ground  de/anti-icing  technology 

1 3.  Provide  flight  crews  with  de/anti-icing  fluid 
hold-over  charts 


JOHNKALDEWAY 


Transport  Canada 
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Actions  Taken  - 
Commission  of  inquiry  Report 


•  Special  project  organization  and  process  established  to 
provide  a  management  focal  point  for  implementing  the 
Commission's  recommendations 

•  Joint  undertaking  of  Transport  Canada  and  the  aviation 
community 


DEICING  INITIATIVES 

A.  INTERIM 

1. 

DEPARTURE  DELAY  PROGRAM 

ENSURES  MINIMUM  DELAY  BETWEEN  DEICING 

AND  TAKE-OFF 

2. 

COMMUTER  DEICING  PAD 

USED  FOR  SECONDARY  DEICING  ONLY 

3. 

TERMINAL  3  RECOVERY  SYSTEM 

FLUIDS  RECOVERED  AND  DISPOSED  OF 

ABOUT  30*  OF  TOTAL  AIRPORT  TRAFFIC 

4. 

VACUUM  SWEEPER  OPERATION 

ATTEMPTS  TO  RECOVER  SOME  SPENT  FLUIDS 

AROUND  TERMINAL  2  LIMITED  SUCCESS  TO 

DATE 
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DEICING  IMHIAmES 


3.  LONG  TERM 


-  CENTRAL  DEICING  FACILITY  IS  BEING  PLANNED  BY  THE 
AIRLINES  AND  THE  AIRPORT. 


-  CAPACITY  PROPOSED  FOR  4  AIRCRAFT  WITH  EXPANSION 
POSSIBLE  TO  5. 


-  IMPROVED  DEICING  PRACTICES  AND  EQUIPMENT  WILL 
ENABLE  UP  TO  APPROXIMATELY  50  DEPARTURES  PER 
HOUR  DEPENDING  ON  WEATHER  CONDITIONS. 


-  AIRLINES  ARE  FORMING  A  CONSORTIUM  TO  DESIGN, 
BUILD  ANO  OPERATE  THE  FACILITY. 


-  AIRPORT  WILL  BUILD  ACCESS  TAXIWAYS  AND  ROADS. 


-  FACILITY  IS  CLOSE  TO  PREDOMINANT  DEPARTURE 
RUNWAYS. 

-  DEALS  WITH  HOLDOVER  TIME  ISSUE 


-  FACILITY  WILL  INCLUDE  FLUID  RECOVERY  SYSTEM. 
-  RECYCLING  IS  ALSO  PLANNED 
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DEICING/ANTI-ICING  ACTIVITY 


Kaj  Skarstrand 

Swedish  Civil  Aviation  Administration 


Ladies  and  Gentlemen:  My  name  is  Kaj  Skarstrand 
from  the  Swedish  Civil  Aviation  Administration  and  1 
am  representing  the  JAA  -  Joint  Aviation  Authorities  - 
in  Europe.  First,  1  would  like  to  thank  the  FAA  for 
taking  the  initiativeforthis  conference  on  ground  de-icing 

During  the  last  decade  more  than  20  accidents  have 
happened  as  a  result  of  takeoff  with  iced  aircraft.  A 
free  exchange  of  opinions  by  experts  from  various 
countries  on  the  problem  of  aircraft  operation  plays 
an  important,  positive  role  in  enhancing  the  level  of 
flight  safety. 

A  rmyor  factor  in  many  aircraft  accidents  is  that  flight 
crew(s)  and  ground  personnel  have  insufficient  train¬ 
ing,  information,  and  knowledge  of  some  aspects  of 
aircraft  operations.  The  problem  with  takeoff  in  icing 
conditions  may  serve  as  an  example.  During  the  last 
ten  years  a  lot  of  research  has  been  done  to  develop  a 
better  understanding  of  ground  deicing. 


The  problem  with  takeoff  in  icing  conditions  can  be 
seriousfortransport  aviation.  This  is  well  known  by  the 
authorities,  operators,  and  manufacturers,  but  takeoff 
with  ice  on  the  aircraft  still  takes  place. 

Aircraft  protection  from  ground  icing  is  a  complicated 
problem  demanding  the  completion  of  awide  range  of 
various  taskssuch  as:  astudy  of  meteorological  factors, 
ground  icing  formation  and  its  various  types;  develop¬ 
ment  of  effective  means  and  methods  of  protection 
and  their  application  undervarious  conditions;  astudy 
of  ground  icing  effect  on  performance  of  different 
aircraft  and  development  of  adequate  operating  rec¬ 
ommendations;  provision  of  effective  pre-takeoff  in¬ 
spection  of  aircraft  surfaces  and  its  engines,  system, 
and  equipment  performance;  and  training  of  flight 
and  ground  personnel. 


Association  of  European  Airlines,  AEA,  has  produced 
a  recommendation  for  de/ant-icing  of  aircraft  on  the 
ground.  This  recommendation  is  used  by  all  major 
airlines  and  on  most  airports  in  Europe.  I  will  not  go 
into  details  about  this  recommendation  since  I  think 
Capt.  Eloranta  from  Finnair  will  talk  more  about  it. 

Today  there  is  not  an  internationally  accepted  defini¬ 
tion  of  “ground  icing  condition.”  One  has  been  pro¬ 
posed  by  a  Swedish-Sovjet  working  group  and  was 
presented  to  ICAO  in  1991. 


One  of  the  most  dangerous  types  of  ice  is  a  clear  ice 
formation  which  in  most  cases  is  created  by  a  combi¬ 
nation  of  fuel  and  weather  conditions.  As  an  example, 
I  can  mention  a  Swedish  aircraft  on  a  flight  to  the 
Canary  Islands,  outside  Northwest  Africa,  which  picked 
up  clear  ice.  The  crew  saw  it  but  since  there  was  no 
deicing  equipment  on  the  airport,  they  had  to  use  the 
liquor  on  board,  like  vodka,  whiskey,  gin,  or  whatever 
they  found. 

In  most  national  regulations  (and  this  is  probably 
what  you  are  going  to  find  in  the  common  European 
harmonized  rules),  JAR,  an  aircraft,  is  not  allowed  to 
take  off  with  frost,  ice,  or  snow  on  the  surface.  The 
pilot-in-command  has  a  final  responsibility  and  the 
final  decision  but  the  time  of  acceptance  prior  to 
departure.  The  person  releasing  the  aircraft  is  respon¬ 
sible  for  the  correct  and  complete  de/ant-icing  of  the 
aircraft.  This  has  to  be  reported  to  the  captain  by 
naming  the  type  of  fluid  which  has  been  used. 

An  operator  must  therefore  establish  procedures  and 
instructions  to  all  personnel  involved.  Information 
and  training  is  also  a  must  not  only  one  time  but  as  an 
annual  exercise. 


Is  it  possible  to  take  off  with  an  iced  aircraft?  Yes,  it  is, 
and  such  things  happen  in  practice.  The  formation  of 
small  ice  deposits  on  some  sections  of  aircraft  surfaces 
may  have  no  significant  negative  consequences.  How¬ 
ever,  recent  studies  and  experience  show  that  the  risk 
involved  in  a  takeoff  with  an  iced  aircraft  cannot  be 
tolerated  on  either  scheduled  or  on  test  flights. 

What  is  the  reason,  then,  that  there  are  still  cases  of 
iced  aircraft  takeoffs  in  spite  of  instructions?  There 
are  several  reasons  for  that.  First,  is  there  any  instruc¬ 
tion  which  describes  the  procedures,  standards, 
responsibility,  and  documentation?  Is  there  any  train¬ 
ing  and  information,  and  is  the  operator  sure  that  the 
persons  involved  understand  it? 

AEA  has  a  holdover  time-table  that  most  operators  use 
as  a  guideline.  To  see  the  holdover  time  the  pilot-in¬ 
command  must  know  what  type  of  fluid  he  has.  Of 
about  1000  deiced  aircraft,  there  are  only  about  10  pilots- 
in-command  who  ask  what  type  of  fuel  they  have. 

Since  there  are  different  types  of  ice,  you  not  only  use 
your  eyes,  you  use  your  hands  as  well  to  feel  if  there  is 
any  ice.  You  have  to  do  that  not  only  on  one  point,  you 
have  to  check  at  several  places  on  the  surface. 

We  know  that  about  70%  of  all  accidents  are  related  to 
“human  factors.”  Ground  deicing  is  not  an  exception. 
We  had  an  accident  in  Stockholm  with  an  MD80  where 
human  factors  seems  to  be  involved. 

I  think  that  it’s  very  important  to  understand  this.  If 
the  weather  is  not  too  bad  and  you  can  not  see  any  ice 
and  you  released  about  a  thousand  aircraft  last  winter 
without  finding  anything  when  you  have  done  your 
“hands-on-check",  then  most  people  will  become  re¬ 
laxed  and  we  might  have  a  complacency  problem. 

Therefore,  we  need  strict  procedures  and  instructions 
which  are  not  too  complicated  and  include  quality 
assurance  and  documentation.  We  have  such 
procedures  for  different  maintenance,  why  not  for 
ground  deicing? 


The  commercial  transport  aircraft  operating  on  long- 
haul  routes  which  cross  different  climatic  zones  can 
expect  to  encounter  ground  icing  at  any  time  of  the 
year,  but  most  frequently  in  the  spring  and  the  fall. 
Various  types  of  ground  icingaffect  aircraft  indifferent 
ways  and  result  in  a  stronger  or  weaker  bonding  of  the 
ice  layer  to  the  surface  of  the  aircraft. 
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One  question  is,  do  the  ground  personnel  who  are 
involved  have  any  documentation  that  they  have  suc¬ 
cessfully  passed  anoperator’sdeicing  training  course? 

Finally,  something  about  AEA  type  II  fluid.  Type  II  is 
not  available  at  all  airports,  but  you  can  find  it  at  most 
airports  in  Europe.  Last  winter,  after  the  accident 
in  Stockholm,  a  lot  of  operators  started  to  use  more 
type  II  fluid  than  they  did  before.  That  affected  the 
runway  in  use  for  takeoff.  After  aboutl 000  meters  from 
the  start  of  rolling  point,  the  braking  action  was 
reduced  about  50%  when  the  runway  was  dry.  The 
runway  was  also  always  damp  in  this  area.  If  the 
runway  in  use  then  has  to  be  changed  to  the  opposite, 
the  lower  braking  action  creates  a  real  problem.  So,  if 
one  problem  is  solved  it  may  create  another. 

One  of  the  many  problems  with  the  deicing  procedures 
is  the  short  turnaround  times  which  exist  today.  If  you 
turnaround  a  B737  or  a  MD80  within  15  minutes  there 
is  no  time  for  deicing  without  causing  a  delay.  If  you 
miss  your  slot  time,  many  pilots-in-conunand  feel  a 
strong  pressure  and  perhaps  just  omit  the  deicing 
procedures.  Other  problems  are  long  taxiways  and 
waiting  times  at  the  holding  point  before  takeoff. 
Those  problems  must  be  solved  by  better  understand¬ 
ing  and  planning.  The  European  ATC  organizations 
have  just  started  a  project  on  this  matter. 

Finally,  I  hope  the  different  working  groups  in  this 
conference  will  come  up  with  some  ideas  on  how  we 
can  make  aviation  safe  in  regard  to  ground  deicing. 

Thank  you. 
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NEW  DEVELOPMENTS  CONCERNING 
ON-GROUND  ICING 

Capt.  JormaT.  Eloranta 
AEA/Finnair 


This  presentation  describes  the  current  status  of  the 
development  work  undertaken  concerning  the  haz¬ 
ards  of  aircraft  icing  on  the  ground.  The  topics  to  be 
covered  are:  the  development  of  an  ice  detector,  the 
concept  of  holdovertime  and  de/anti-ice  procedures 
dealing  with  instructions  and  training. 

Aircraft  icing  on  the  ground  became  an  issue  of  con¬ 
cern  to  the  aviation  industry  in  the  late  70’s  basically 
resulting  from  three  problems: 

•  FOD’s  caused  by  clear  ice. 

•  Limited  protective  performance  of  anti-ice  fluids 
and/or  their  poor  flow-off  properties  causing  penal¬ 
ties  on  wing  aerodynamics. 

•  General  lack  of  awareness  of  the  above. 

FIRST  WING  DETECTORS  (FOR  CLEAR  ICE) 

The  1970’s  witnessed  two  important  events  concern¬ 
ing  clear  ice,  namely  an  increasing  number  of  FOD 
incidents  and  the  launching  of  DC-9-50’s  and  early 
models  of  MD80’s.  These  contributed  to  the  need  for 
new  methods  to  cope  with  winter  operations.  It 


became  evident  that  an  increasing  number  of  aircraft 
with  rearmounted  engines  in  service  were  vulnerable 
to  ice  FOD’s  and  that  something  had  to  be  done  to  make 
extra  sure  that  their  wings  were  clean  at  takeoff. 

A  specific  equipment  was  needed  for  checking  the 
wing  status  prior  to  and  after  de/anti-ice  treatment. 
Development  work  was  then  started  which  brought 
about  a  set  of  mechanical  equipment,  namely  tufts, 
triangles  and  vertical  triangles  with  stripes,  which 
were  visible  from  both  inside  and  outside  the  aircraft 
for  flight  and  ground  crew  inspections. 

This  equipment  was  also  designed  to  serve  as  shooting 
targets  during  the  actual  deicing  procedure,  to  help 
the  deicingcrewtodetermine  when  the  tuftsetc.  were 
soaked  and  the  wing  clean  of  hard  contaminants. 
Later,  a  check  light  was  added  to  the  installation.  In 
this  version  the  equipment  has  been  in  use  since 
1986.  Consequently,  however,  it  became  clear  that  the 
system  does  not  guarantee  a  successful  de/anti-icing 
treatment,  that  is  a  clean  wing  surface. 

Due  to  the  acknowledged  shortcomings  in  the  systems 
more  had  tobedonetoensure  safe  operation.  The  next 
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TABLE  4  -  Guideline  for  Holdover  Tiaes  Anticipated  for  SAE  Type  II  fluid 
Mixture  as  a  Function  of  Weather  Conditions  and  OAT 

THE  RESPONSIBILITY  FOR  THE  APPLICATION  OF  THESE  DATA  REMAINS  WITH  THE  USER  AND  SHOULD  ONLY 
BE  OSED  IN  CONJUNCTION  WITH  SAE  METHODS  DOCUMENT.  (SEE  CAUTIONS) 
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CAUTION t  TOT  TINT 3  Or  PROTECTION  REPRESENTED  IN  TNIS  TABLE  ARE  FOR  GENERAL  INFORMATION  PURPOSES  ONLY  AND 
J MOULD  BE  USED  ONLY  IN  CONJUNCTION  WITH  A  PRE-TAAEOPP  INSPECTION. 

CAUTIONi  THE  TIME  OP  PROTECTION  KILL  BE  SHORTENED  IN  HEAVY  WEATHER  CONDITIONS .  HIGH  WIND  VELOCITY  AND  JET 
BLAST  HAY  CAUSE  A  DEGRADATION  Of  TOT  PROTECTIVE  FILM.  IF  THESE  CONDITIONS  OCCUR  THE  TINE  Of  PROTECTION  KAY 
BE  SHORTENED  CONSIDERABLY.  TNIS  X*  ALSO  THE  CASE  WHEN  THE  FUEL  TENFEAATURE  IS  SIGNIFICANTLY  LOWER  THAN  OAT. 


TYPICAL  HOT  -  TABLE  (BY  SAE) 


step  was  to  ensure  that  the  cockpit  crew  had  the 
actual,  real-time  status  of  the  wing  surface  in  cockpit 
for  making  the  takeoff  decision.  In  order  to  solve  this 
problem  Finnair,  the  flag  carrier  of  Finland,  having 
been  active  throughout  the  development  work  in  this 
field,  started  a  collaboration  with  a  Swiss  equipment 
manufacturer,  Vibro-Meter  SA.  As  a  result  of  this 
endeavor  the  first  over-wing  clear-ice  detector  made 
its  maiden  flight  on  a  Finnair  DC-9  in  1987. 

Last  year  three  parties,  Lufthansa,  Finnair  and  Vibro- 
Meter  SA,  decided  to  continue  the  development  work. 
Many  questions  remained  to  be  solved,  e.g.  the  protec¬ 
tive  quality  of  different  de/anti-ice  fluids  and  as  an¬ 
other  issue,  the  existence  of  other  contaminants,  be¬ 
sides  clear  ice,  which  can  cause  aerodynamic  penalties. 

TYPE  I/ll  FLUIDS/HOLDOVERTIME  CONCEPT 

Until  the  end  of  the  1970’s,  no  attention  was  paid  to  re¬ 
quirements  and  procedures  in  pilot  and  mechanic 
training  to  de/anti-icing.  The  general  opinion  prevailing 
was  that  the  sprayed  fluid  not  only  removed  the  ice  but 
also  provided  sufficient  protection  under  all  conditions. 


The  occurrence  of  the  first  serious  “ice  FOD’s”  at  the 
end  of  the  70’s  revealed  that  icing  was  a  much  greater 
hazard  than  had  been  expected.  The  successful  re¬ 
moval  of  ice  called  for  not  only  a  significantly  greater 
amount  of  heat  energy  but  a  completely  new  approach 
to  the  removal  process  as  a  whole. 

Simultaneously  with  the  development  of  detectors,  it 
was  found  out  that  the  flow-off  properties  of  type  II 
fluids  were  questionable,  and  thus  another  develop¬ 
ment  project  was  initiated  for  improving  the  aerody¬ 
namic  and  protective  properties  of  de/anti-ice  fluids. 

As  a  result  of  this  work  AEA  published  “Recommenda¬ 
tions  For  De/Anti-Icing  the  Aircraft”  which  includes 
besides  operational  instructions,  also  iastructions 
about  procedures,  fluids,  equipment  and  so-called 
holdovertime  charts.  This  booklet  is  available  at  this 
meeting  as  a  handout. 

The  project  included,  in  addition  to  field  tests  and  test 
flights,  a  great  amount  of  laboratory  and  wind  tunnel 
testing.  Total  expenditure  for  all  activities  was  esti¬ 
mated  as  rising  up  to  10  million  USD. 
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WING  TEMP . 


WING  SKIN  FLUSH  DIAPHRAGM  MEASUREMENT 


ELEMENT  ELEMENT  CIRCUITS  CIRCUITS 


Pat  No  4,586,  377 


At  the  instruction  level  the  new  approach  meant  some 
amendments  in  de/anti-icing  procedures  and  matters 
of  responsibility.  The  main  issues  were  the  following : 

Holdover  timetable 

A  common  piece  of  instruction  for  flight  and  ground 
crews  about  the  performance  and  protection  times 
involved  in  de/anti-icing.  Due  to  the  pure  informative 
nature  of  the  given  figures  and  the  inexactness  of 
the  parameters  used,  using  the  timetable  requires 
familiarization  with  the  ice  phenomenon  and  its  back¬ 
ground,  e.g.  training  and  experience. 

RESPONSIBILITY 

•  Maintenance  is  responsible  for  the  performance 
and  checking  of  the  results  of  the  treatment  by  the 
wording“maintenance  is  responsible  for  the  techni¬ 
cal  release  for  aircraft”. 

•  Captain  of  the  aircraft  is  responsible  for  the  final 
acceptance  of  the  type  of  treatment  chosen  and  for 
its  results. 


•  The  procedure  and  changeover  of  responsibility 
requires  uniform  acknowledgement  procedures. 
This  was  formalized.  The  notice  has  in  some  compa¬ 
nies  been  made  part  of  the  cockpit  checklist  . 

FURTHER  DEVELOPMENT  OF  A  DETECTION  SYSTEM 

The  collaboration  of  Lufthansa,  Finnair  and  Vibro- 
Meter  SA  concentrated  in  the  creation  of  a  more 
comprehensive  cockpit  advisory  system  has  been  to 
give  a  fuller  account  of  all  the  different  forms  of 
contamination  prevailing  on  the  wings.  The  system  is 
named  CWAS  (Clean  Wing  Advisory  System).  It  has 
been  in  field  testing  on  location  at  Helsinki-Vantaa 
airport  in  Finland  this  past  spring. 

The  operational  objective  of  this  project  is  to  develop 
adeviceforflight  operation  whichgives  an  alarm  in  the 
cockpit,  at  the  latest,  on  the  moment  of  initiating 
take-off  roll,  of  any  contamination  prevailing  on  the 
wing  upper  surface  which  would  cause  aerodynamic 
penalties  at  the  rotation  phase  of  the  take-off  and  or 
mechanical  damages  to  the  aircraft. 
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CWAS  :  SENSORS  ELEMENTS 
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The  different  sorts  of  contaminants  to  be  detected  are: 
clear  ice  (crystal  hard);  frost;  ice-fluid  mixtures,  e.g. 
glycol  (soft  ice /slush);  and  type  II  fluids  thicker  than 
a  preset  value. 

The  initial  functional  purpose  of  the  device  is  to  serve 
as  a  i  advisory/backup  instrument  on  the  ground.  It  is 
not  intended  to  replace,  amend  or  abolish  any  checks, 
confirmations  or  other  procedures  related  to  techni¬ 
cal  airworthiness  of  the  aircraft. 

The  detection  method  of  the  system  is  based  on  fl>e 
difference  in  physical  properties  cf  the  different  types 
of  contaminants.  The  detection  system  consists  of  a 
vibratirgdiaphragm,  temperature  sensors  and  aPeltier 
element. 

TEST  INSTALLATION 

The  equipment,  mounted  on  top  of  a  car  comprises  an 
aluminum  box  simulating  the  top  of  a  B737  wing 
section,  a  “wing  tank”  which  can  be  filled  with  fuel  of 
different  temperatures  in  order  to  change  the  “wing” 
surface  temperature  to  simulate  real-life  conditions. 
Information  received  from  the  detectors  and  tempera¬ 


ture  sensors  mounted  on  the  “wing”  is  conveyed  to  a 
data  collection  and  display  system  inside  the  car. 

During  the  winter  of  1991-1992  more  than  200  test  se¬ 
quences  (800  hoursof  observation)  were  undertaken  by 
Finnairforat(justingthewamingthresholdsfor  differ¬ 
ent  tvpes  of  contamination.  This  verification  phase 
was  carried  out  in  real  icing  conditions  using  normal 
de/anti-ice  methods  when  needed.  Anti-ice  perfor¬ 
mance  of  type  II  fluids  was  also  tested.  A  more  detailed 
account  of  the  technical  installation  of  the  equipment 
together  with  the  intermediate  results  of  testing  will 
be  distributed  as  a  separate  handout  in  this  seminar. 

Following  this  field  testing  it  has  now  been  agreed  to 
enter  the  next  phase  of  the  project.  This  will  be  a  test 
installation  on  one  or  both  of  the  carriers  aircraft 
during  the  next  winter  season  1992-1993. 

The  objective  of  the  coming  testing  Is: 

•  To  optimize  the  location  of  the  sensors  by  coasider¬ 
ing  the  most  vulnerable  accretion  area  on  a  specific 
wing  'vpe,  on  one  hand,  and  the  technical  installa¬ 
tion  aspects,  on  the  other. 
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•  To  collect  information  on  the  technical  and  opera¬ 
tional  reliability  of  the  system  by  visual  and  other 
observations, 

•  To  create  a  clear  and  straight-forward  philosophy 
and  easy-to-read  display  in  the  cockpit. 

The  results  of  the  test  installation  phase  of  the  project 
will  be  available,  according  to  present  plans,  at  the 
end  of  the  winter  season  1992-1993. 

FINNAIR,  A  CARRIER  DEALING  WITH  ON-GROUND 
ICING 

Finnair,  as  an  AEA  member,  set  up  the  following 
procedures  to  ensure  safe  winter  operation: 

•  Holdover  timetable  was  revised  as  to  times  and  time 
limits. 

•  The  timetable  was  made  a  part  of  FOM  and  MOM 
and  it  was  also  brought  into  the  cockpit  in  order  to 
be  used  like  a  normal  checklist. 

•  Special  checking  procedures  and  equipment  were 
created  for  verifying  the  wing  upper  surface  condi¬ 
tion  prior  to  and  after  the  de/anti-icing  treatment. 

•  Deicing  procedures  and  equipment  were 
developed. 

•  A  traffic  coordination  unit  was  created  at  Finnair’s 
home  base,  Helsinki.  This  coordinates  de/anti-icing 
with  traffic  movements,  between  ATC  and  airline 
operators,  in  order  to  minimize  exposure  time  in 
hazardous  weather  conditions. 

•  During  annual  periodic  training  for  pilots  and  me¬ 
chanics  a  special  issue  was  made  of  covering  not 
only  “normal"  icing  as  a  phenomenon  but  a  special 
item  was  made  of  wing  upper  surface  ice  accretion, 
of  minimizing  the  risk,  properties  of 
the  fluids,  etc. 

•  All  the  operational  information  acquired  was  made 
public  for  both  detector  and  fluid  manufacturers. 


INTERNATIONAL  CO-OPERATION  IN  AWARENESS 
TRAINING 

•  In  addition  to  the  positive  developments  stated  in 
equipment,  procedures  and  fluids,  a  clear  need  was 
found  for  training  in  this  field.  AEA  Technical  Af¬ 
fairs  Committee  (TAC)  called  for  the  creation  of  a 
task  force  to  review  “Ice  Awareness  Training". 

•  The  Task  Force  members  are  from  the  operators 
LH,  AY  and  JAL,  and  aircraft  manufacturers 
Airbus,  Boeing  and  McDonnell  Douglas. 

•  The  purpose  is  to  put  together  a  training  document 
for  the  winter  season  of  92-93  consisting  of : 

-  information  in  a  “nutshell”  in  the  form  of  a  check 
list  (including  all  essential  points  of  the  task). 

•  a  manual  including  all  information  on 
de/anti-icing,  being  available  for  both  ground  and 
flight  crews. 

-  CBT/videovereionisunderresearchatBoeing,planned 
for  release  before  the  winter  season  of 93-94. 

The  project  is  proceeding  in  the  time  framework 
set  for  it.  The  manuscript  is  finished  and  has  been 
sent  out  for  comments  which  are  to  be  received  by 
June  1st  this  year.  Printing  is  scheduled  for  the  latter 
part  of  July  and  distribution  starts  in  September  1 992. 
Detailed  information  about  the  project  will  be 
provided  by  Lufthansa  in  a  separate  handout  during 
this  meeting. 
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GARY  R.  BRADLEY 

SAE  Ail  Hoc  Committee  on 
Aircraft  Ground  Deicing 


SAE  is  the  largest  developer  of  technical  standards  for 
land,  sea,  air  and  space  vehicles  in  the  world.  Each 
year,  volunteers  on  SAE  technical  commit  tees  develop 
hundreds  of  standards  that  enhance  safety  and  perfor¬ 
mance  while  minimizing  costsof  designs,  manufactur¬ 
ing,  operation,  and  maintenance. 

As  a  global  society,  SAE  has  been  a  major  force  in 
developing  standards  on  a  world  wide  basis  through 
its  long  time  cooperation  with  the  International  Stan¬ 
dards  Organization  (ISO).  More  than  10,000  mobility 
experts  from  all  segments  of  industry,  government,  and 
academia  currently  serve  on  SAE  technical  committees. 

In  1916,  SAE  was  expanded  to  include  the  American 
Society  of  Aeronautic  Engineers.  A  year  later,  SAE 
developed  the  first  international  aerospace  engineer¬ 
ing  standard. 

For  more  than  75  years  SAE  has  been  a  driving  force 
behind  aerospace  progress,  with  past  members 
including  Orville  Wright,  Glenn  Curt  iss,  Henry  Ford, 
and  Charles  Lindbergh. 


INTRODUCTION 

Mr.  Chairman,  my  name  is  Gary  Bradley.  I  currently 
serve  as  Chairman  of  the  SAE  Ad  Hoc  Committee  on 
Aircraft  Ground  Deicing.  I  am  employed  by  a  m^jor 
U.S.  air  carrier  based  at  O’Hare  International  Airport. 

It  is  my  privilege  to  appear  before  this  conference  to 
present  a  status  report  on  SAE  aircraft  ground  deicing 
related  activities  to  date. 

SAE  IN  GENERAL 

The  Society  of  Automotive  Engineers,  SAE,  is  an  engi¬ 
neering  membership  society  of  more  than  60,000  pro¬ 
fessionals  from  around  the  world  who  share  a  common 
interest  in  advancing  global  mobility.  They  include 
mechanical,  electrical,  civil,  aeronautical  and  chemi¬ 
cal  engineers,  physicists  and  chemists,  and  those  who 
work  closely  with  them. 

Established  in  1905,  SAE  brought  together  top  auto¬ 
motive  engineers  to  exchange  ideas  and  learn  from 
each  other’s  discoveries. 


SAE  AIRCRAFT 

GROUND  DEICING  RELATED  ACTIVITIES 


Gary  R.  Bradley,  Chairman 
SAE  Ad  Hoc  Committee  on  Aircraft  Ground  Deicing 
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Through  its  Cooperative  Engineering  Program  (CEP), 
SAE  is  the  largest  developer  of  aerospace  standards  in 
the  world.  CEP,  a  joint  effort  by  industry,  government, 
andSAEproducesconsensusstandardsutilizedworld- 
wide  to  design,  operate,  and  test  thousands  of  aircraft 
components  and  systems.  Today,  SAE’s  information 
network  serves  as  a  foundation  for  the  development  of 
new  technology  that  is  vitally  important  to  the  future 
safety  and  competitiveness  of  the  air  transport  and 
space  industries. 

SAE’s  database  of  more  than  4,000  aerospace  docu¬ 
ments  includes  Aerospace  Standards  (AS),  Aerospace 
Recommended  Practices  (ARP),  Aerospace  Informa¬ 
tion  Reports  (AIP),  and  Aerospace  Materials  Specifi¬ 
cations  (AMS). 

ESTABLISHMENT  OF  THE  AD  HOC  COMMITTEE 

Correspondence  between  the  FAA,  ATA,  and  SAE  in 
1985,  included  discussions  on  the  need  to  update 
Aerospace  Information  Report  AIR  1335  -  Ramp  Deic¬ 
ing.  A  five  year  review  of  this  document  published  in 
1975  was  pending. 

In  a  December  20, 1985  letter  to  the  SAE  from  Craig 
Beard,  FAA  Director  of  Airworthiness,  the  FAA  requested 
that  SAE  retain  AIR  1335  in  an  up-to-date  status. 

In  1987,  the  FAA  noted  the  absence  of  any  single 
existing  organization  or  committee  capable  of  ad¬ 
dressing  the  numerous  issues  related  to  aircraft  deic¬ 
ing.  As  a  result,  the  consensus  of  the  FAA,  ATA  and 
SAE  AGE-2  Committee  was  that  a  collaborative  indus¬ 
try  effort  was  required  to  achieve  the  safety  and 
operational  objectives  previously  identified. 

Also  in  1987,  a  new  International  Standards  Organiza¬ 
tion  working  group  (ISO/TC  20/SC  9)  on  deicing  and 
anti-icing  fluids  and  equipment  for  transport  aircraft 
had  been  established. 

During  the  fall  of  1987,  a  meeting  of  the  SAE  AGE-2 
Committee  concluded  that  due  to  the  general  nature 
of  AIR  1335,  a  separate  ad  hoc  committee  should  be 
created  to  ensure  that  any  future  specifications 
include  information  on  operational  performance  as 
requested  by  the  users. 


Subsequently,  the  FAA  suggested  that  a  charter 
for  such  an  ad  hoc  committee  should  include  the 
following  activities: 

1.  Provide  a  focal  point  for  ground  deicing  related 
activities  of  various  industry  organizations  and  com¬ 
mittees. 

2.  Co-Sponsoran  industry-wide  symposium  on  aircraft 
deicing  prior  to  the  1988-89  winter  season. 

3.  Update  existing  fluid  specifications  to  include  AEA 
Type  II  fluids  being  used  in  Europe. 

4.  Develop  industry  standardized  deicing  procedures. 

5.  Develop  standards  for  the  location,  construction 
and  operation  of  central  and  remote  deicing 
facilities. 

6.  Assist  the  ISO  Deicing  Working  Group  in  developing 
industry  consensus  deicing  standards  for  use 
throughout  North  America  and  Europe. 

Establishment  of  the  ad  hoc  committee  was  finalized 
during  a  deicing  symposium  co-sponsored  by  the  FAA 
and  SAE  held  in  Denver  in  September,  1988. 

A  mission  statement  was  adopted  to  develop  industry 
standards  in  five  areas  related  to  aircraft  ground 
deicing: 

1.  Aircraft  Deicing/Anti-icing  Newtonian  fluids. 

2.  .Aircraft  Deicing/Anti-icing  Non-Newtonian  fluids. 

3.  Ground  Deicing  Equipment. 

4.  Ground  Deicing  Methods  and  Procedures. 

5.  Remote  Deicing  Facilities. 

Organization  of  the  ad  hoc  committee  remains  open 
to  all  interested  participants  and  presently  includes 
individual  representatives  from  FAA,  Transport 
Canada,  Ar  Line  Pilots  Association  (ALPA),  ATA/ 
LATA  Carriers,  Association  of  European  Airlines  (.AEA), 
International  Standards  Organization  (ISO),  Aero¬ 
space  Industries  of  America  (AIA),  academia,  as 
well  as  aircraft  ground  deicing  equipment  and 
fluid  manufacturers. 

The  committee  continues  to  encourage  participation 
from  other  industry  groups,  including  airport  opera¬ 
tors  and  authorities,  and  related  organizations  in 
order  to  complete  its  basic  objectives. 


GARY  R.  BRADLEY 
SAE  Ad  Hoc  Committee  on 
Aircraft  Ground  Deicing 


continued 
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continued. 


ISO  COORDINATION 

The  International  Standards  Organization  (ISO) 
has  also  been  involved  in  the  development  of  stan¬ 
dards  for  aircraft  deicing.  SAE  efforts  in  cooperation 
with  the  ISO  and  Association  of  European  Airlines 
(AEA)  have  been  coordinated  to  assure  that  specifica¬ 
tions  are  written  in  agreement  with  each  other  to  the 
extent  possible. 

This  collaborative  effort  has  produced  standards 
that  are  beneficial  to  both  the  European  and  North 
American  aviation  community  including  the  following 
ISO  documents: 

1.  Aircraft  Deicin^Anti-icing  Newtonian  Fluids. 

2.  Aircraft  Deicing/Anti-icing  Non-Newtonian  Fluids. 

3.  Ground  Deicing  Equipment. 

4.  Ground  Deicing  Methods  and  Procedures. 

To  date,  all  four  documents  have  been  ballotted  and 
approved  by  the  member  organizations.  At  a  recent 
meeting  of  the  ISO/TC20  SC9  Working  Group,  each  of 
these  documents  were  ratified  and  on  May  20, 1992, 
were  submitted  for  publication.  Although  the  format 
of  these  standards  is  somewhat  different,  the  techni¬ 
cal  content  of  the  draft  SAE  and  final  ISO  specifica¬ 
tions  is  essentially  identical. 

FLUIDS  SPECIFICATIONS 

AEA  has  long  recognized  the  limitations  of  traditional 
Type  I  deicing  fluids  and  has  been  instrumental  in 
developing  an  advanced  technology  thickened  fluid 
known  as  AEA  Type  II. 

However,  original  AEA  fluid  specifications  lacked  pro¬ 
visions  for  aerodynamic  acceptance  testing  of  such 
fluids.  Concerns  over  the  potential  adverse  effects  of 
these  fluids  on  aircraft  aerodynamics  were  identified 
in  a  1982  Boeing  Service  Letter.  This  action  advised 
operators  of  the  potential  lift  loss  associated  with  the 
use  of  AEA  Type  II  fluids,  and  recommended  perfor¬ 
mance  adjustments  for  nonadvanced  Boeing  737-200 
type  aircraft. 


Subsequently,  Boeing  set  up  a  series  of  wind  tunnel 
tests  to  evaluate  and  quantify  the  level  of  lift  loss 
attributable  to  AEA  Type  II  fluids.  Additional  testing 
was  conducted  at  the  von  Karman  Institute  for  Fluid 
Dynamics  in  Brussels.  Flight  tests  conducted  in  Kupio, 
Finland,  together  with  additional  wind  tunnel  testing 
substantiated  that  residue  from  aircraft  deicing/anti- 
icing  fluids  can  cause  adverse  effects  on  aircraft  perfor¬ 
mance.  These  efforts  contributed,  in  part,  to  the  develop¬ 
ment  of  the  second  generation  of  Type  II  fluids. 

Sites  qualified  by  the  AIA  and  AECMA  for  certifying 
aerodynamic  acceptance  of  aircraft  ground  deicing/ 
anti-icing  fluids  have  been  established  at  the  von 
Karman  Institute  and  at  the  University  of  Quebec  at 
Chicoutimi.  This  test  method  has  been  submitted  to 
theAmericanSociety  ofTestingand  Materials  (ASTM) 
for  publication  as  an  ASTM  standard. 

Publication  of  this  test  method  is  included  as  an 
appendix  to  both  the  current  SAE  Type  1  and  Type  II 
fluid  specifications.  Additional  testing  conducted  by 
the  FAA  Technical  Center  and  Boeing  Canada 
DeHavilland  focused  on  the  aerodynamic  effects  of  de¬ 
icing  fluidsoncommuterand  general  aviation  aircraft. 

SAE  would  like  to  acknowledge  the  extensive 
commitment  of  the  Boeing  Commercial  Airplane 
Group  and  the  NASA  Lewis  Research  Facility  in  lead¬ 
ing  this  effort. 

In  1989,  the  SAE  fluids  working  group,  in  cooperation 
with  the  AEA,  began  to  develop  an  international 
Type  II  fluid  specification.  This  was  followed  by  an 
effort  to  combine  AMS  1425  and  1427  covering  ethyl¬ 
ene  glycol  and  propylene  glycol  based  Type  I  deicing 
fluids  into  a  single  document. 

The  final  draft  of  both  the  Type  I  Newtonian  and 
Type  II  Non-Newtonian  fluid  specifications  were 
approved  and  cireulatedfora28dayballoton  May  20th 
of  this  year.  Holdover  time  testing  of  aircraft  deicing 
and  anti-icing  fluids  also  represents  a  major  effort  of 
the  SAE  ad  hoc  committee  over  the  past  three  winters 
in  conjunction  with  the  FAA  Technical  Center  and 
Transport  Canada. 
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GROUND  DEICING  EQUIPMENT 

In  November,  1986,  SAE  Age-2C  issued  ARP  1971 
covering  large  capacity  aircraft  deicing  vehicles, 
which  was  followed  in  1 987  with  a  similar  specifica¬ 
tion  for  smaller  equipment. 

A  working  group  organized  in  1988  revealed  that 
existing  specifications  were  of  a  purchasing  nature, 
and  did  not  establish  necessaiy  performance  require¬ 
ments.  Furthermore,  these  documents  did  not 
address  the  use  of  Type  II  fluids. 

Efforts  of  this  working  group  included  extensive 
testing  of  available  equipment  pumping  systems  and 
components  to  determine  levels  ofType  II  fluid  degra¬ 
dation.  Work  in  this  area  including  development  of 
standardized  fluid  sampling  procedures  is  ongoing. 

Proposed  ARP  XXXX  -  Deicing/Anti-icing  Self- 
Propelled  Vehicle  Functional  Requirements  was 
circulated  for  industry  comment  on  May  12, 1992. 

METHODS  AND  PROCEDURES 

The  Methods  and  Procedures  Working  Group  was 
organized  in  1989  to  pull  together  efforts  on  an  inter¬ 
national  basis  to  develop  standardized  practices  for 
the  deicing  of  aircraft. 

The  scope  of  this  effort  was  to  develop  guidelines 
to  assure  pilots  flying  between  European  and  North 
American  destinations  of  the  procedures  which 
would  be  used  to  treat  their  aircraft.  A  draft  proce¬ 
dures  document  was  developed  in  cooperation  with 
the  AEA  and  ISO. 

This  effort  was  a  continuation  of  prior  AEA  efforts 
with  the  goal  of  achieving  an  international  consen¬ 
sus.  North  American  and  Canadian  testing  of  fluid 
holdover  times  determined  that  previously  devel¬ 
oped  AEA  holdover  charts  were,  under  some  condi¬ 
tions,  overly  restrictive. 

Mqjor  international  efforts  were  undertaken  to  quan¬ 
tity  predictable  holdover  times  under  actual  weather 
conditioas.  The  methods  document  was  completed 
during  a  meeting  on  May  12-13, 1992.  This  document 
provides  general  guidance  on  aircraft  deicing  and 
anti-icing,  and  includes  information  on  the  following 
topics:  Training  and  qualification,  fluid  storage  and 
handling,  specific  aircraft  requirements,  flight  crew 
communication,  and  aircraft  dispatch. 


Proposed  Aerospace  Recommended  Practice 
ARP4737  -  Aircraft  Deicing/Anti-icing  Methods  with 
Fluids  for  Large  Transport  Aircraft  is  currently  out 
under  a  28  day  industiy  ballot. 

CENTRALIZED/REMOTE  DEICING  FACILITIES 

The  Centralized/Remote  Deicing  Facilities  Working 
Group  was  formed  in  late  1989  to  examine  the  issues 
associated  with  the  centralized  deicing  of  aircraft. 
A  mission  statement  was  adopted  to  develop  guide¬ 
lines  for  the  design,  location,  construction,  and  opera¬ 
tion  of  central  and  remote  aircraft  deicing  facilities, 
including  basic  environmental  concerns. 

Members  include  representatives  from  FAA,  ATA, 
ALPA,  airlines,  equipment  manufacturers,  fluid  manu¬ 
facturers,  airport  and  civil  engineers  and  planners. 

The  goal  of  this  effort  is  to  address  centralized  and 
remote  deicing  facilities  from  an  industry-wide  per¬ 
spective  in  order  to  prevent  the  construction  of  facili¬ 
ties  that  do  not  reflect  and  support  the  operational 
characteristics  and  needs  of  the  airport  and  users  it 
serves.  The  subcommittee  continues  to  focus  its  ef¬ 
forts  on  the  use  of  mobile  deicing  equipment  as  fixed 
equipment  is  viewed  by  industry  as  having  limited 
application  at  U.S.  airports  due  to  levels  of  airport 
activity  and  operational  requirements. 

In  December,  1991,  draft  outlines  for  each  of  five 
sections  for  the  development  of  a  guidance  manual 
was  circulated  to  industryprofessionals  that  expressed 
interest  in  working  on  specific  manual  sections. 

Currently,  the  manual  is  divided  into  five  individual 
sections  as  follows:  Facility  Design,  Location,  Con¬ 
struction,  Operation  and  Environmental  Impact. 

Work  on  this  effort  has  been  slow  as  committee 
volunteers  have  concentrated  their  efforts  on  com¬ 
pleting  the  required  fluids,  ground  equipment,  and 
methods  documents. 

With  the  completion  of  these  specifications  priority 
must  now  shift  towards  developing  standards  and 
guidelines  for  central  and  remote  deicing  facilities. 
SAE  efforts  towards  completing  the  proposed 
guidance  manual  is  proceeding  as  industiy  need  for 
such  information  is  considered  essential. 


GAP  YU.  BRADLEY 
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FUTURE  AD  HOC  COMMITTEE  ACTIVITIES 

In  October,  1991,  the  SAE  General  Projects  Division 
agreed  to  sponsor  an  International  Aircraft  Ground 
Deicing  Conference  and  Equipment  Exposition.  This 
event  scheduled  to  be  held  in  Salt  Lake  City  on 
June  15-17, 1993,  isbeingorganized  similarto  the  joint 
FAA/SAE  Deicing  Conference  held  in  1988. 

The  purpose  of  the  1993  Conference  is  to  further 
disseminate  information  to  operators  of  all  aircraft 
types  regarding  advancements  in  aircraft  ground 
deicing/anti-icing  fluids,  procedures,  equipment,  and 
new  technology. 

Topics  currently  scheduled  to  be  addressed  through 
technical  presentations,  working  groups,  and  equip¬ 
ment  demonstrations  include:  An  overview  of  ground 
icing  related  accidents,  Advanced  deicing/anti-icing 
fluid  technology,  Operational  considerations  such  as 
the  correlation  and  interpretation  of  holdover  time 
tables,  Runway  friction  test  results,  Deicing  and  anti¬ 
icing  methods  and  equipment,  Flight  and  ground  crew 
awareness  and  training,  and  Airport  operational  and 
environmental  considerations. 


CONCLUSION 

In  summary,  upon  publication  of  the  documents  to 
which  I  have  referred,  the  SAE  Ad  Hoc  Deicing  Com¬ 
mittee  will  have  fulfilled  the  basic  objectives  under  the 
original  charter  identified  by  the  FAAin  1987,  exclud¬ 
ing  completion  of  standards  for  central  and  remote 
deicing  facilities.  As  previously  stated,  work  in  this 
area  is  ongoing.  We  continue  to  solicit  participation  in 
this  effort  by  organizations  not  currently  represented 
to  ensure  publication  of  standards  which  will  meet 
both  the  safety  and  operating  requirements  of  the  air 
transport  industry.  The  ad  hoc  committee  has  further 
identified  additional  areas  requiring  future  develop¬ 
ment  as  follows: 

1.  Continued  refinement  of  information  regarding 
holdover  times,  including  efforts  to  quantify  the 
effects  of  meteorological  conditions. 

2.  Improved  forecasting  on  types  and  severity  of  pre¬ 
cipitation,  including  NOW  casting. 

3.  Improved  methodsfor  providing  information  affect¬ 
ing  holdover  times  to  pilots  on  a  real  time  basis. 

4.  Continued  development  of  wing  ice  detection  sen¬ 
sors  and  instrumentation. 


Mr.  Chairman,  the  SAE  Ad  Hoc  Committee  on  Aircraft 
Ground  Deicing  stands  ready  to  accept  the  challenges 
of  this  conference  to  further  assist  the  FAA  in  your 
efforts  to  improve  the  safety  and  efficiency  of  winter 
flight  operations. 


Thank  you. 


FEDERAL  AVIATION  ADMINISTRATION  RDT&E  EFFORTS 
IN  SUPPORT  OF  AIRCRAFT  GROUND  DEICING 


Charles  0.  Masters 
FAA  Technical  Center 
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CLEAN  AIRCRAFT  CONCEPT 


It  is  prohibitive  to  take  off  when  snow,  ice,  or  frost  is  adhering  to 
wings,  propellers,  or  control  surfaces  of  an  aircraft;  per  FAR’s 


1 21 .629  Scheduled  Air  Carriers 

125.221  Air  Charters 

127.249  Helicopters 

135.227  Commuters 

91.527  Large/turbojet  aircraft 


TAKEOFF  ACCIDENTS  IN  WHICH  WING  SURFACE  ICE 
CONTAMINATIONS  WERE  CONSIDERED  A  CONTRIBUTING  FACTOR 


PATE 

ACFT  TYPE  LOCATION 

ICING  CONPH-IQNS 

12/68 

Sioux  City,  IA 

‘Light  Freezing  Drizzle 

1/74 

Cumaovas,  Turkey 

‘Frost  Accretions 

1/77 

Anchorage,  AK 

‘Freezing  Fog 

11/78 

Newark,  NJ 

‘Blowing  Rain  &  Snow 

2/79 

Clarksburg,  WV 

Frozen  Snow 

2/80 

Boston,  MA 

Light  Snow 

1/82 

Washington,  DC 

Moderate  Snow 

2/85 

Philadelphia,  PA 

‘ice,  Snow  Pellets,  Frz  Rain 

12/85 

Gander,  NF 

‘Light  Freezing  Drizzle,  Snow 

11/87 

Denver,  CO 

‘Moderate  Snow,  Fog 

3/89 

Dryden,  Canada 

‘Heavy  Snow 

3/89 

Kimpo,  Korea 

‘Fog,  Iced  Airfoil 

2/91 

Cleveland,  OH 

‘Light  Snow 

12/91 

Stockholm,  Sweden 

Clear  Ice  (Cold  Soaked  Fuel) 

3/92 

LaGuardia,  NY 

Moderate  Wet  Snow 

*  (Not  Deiced) 


51 


ADVANCEMENTS  IN  AIRCRAFT  GROUND  DEICING 


•  Deicing  &  Anti-icing  Fluids 

•  Deicing  Equipments 

•  Deicing  Procedures 

•  Surface  Ice  Detection 

•  Fixed  Base  Facilities 

•  Flight  Crew/Ground  Crew/Operators  Education 

•  Airport  Engineering/Planners 

•  Air  Traffic  Control 


CHARLES  0.  MASTERS 

FAA  Technical  Center 


continued 
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OPERATIONAL  PROCEDURES  AND  TECHNOLOGY 

Ongoing  review  and  assessment  of  operational  procedures  and 
technological  advancements  associated  with  all  aspects  of 
aircraft  ground  deicing  including: 

•  fluids 

•  application  procedures 

•  user  practices. 

Technical  Reports,  Advisory  Information,  SAE  Activities 

1985 - >-  Continual 
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OPERATIONAL  PROCEDURES  AND  TECHNOLOGY 


RESULTS 


DOT/FAA/CT  *85/2 1 

FAA  TecftMcaJ  Center 

Ground  Aircraft  Deicing 

Atlantic  C*y  Akport 

NJ  0*405 

Technology  Review 

Deborah  Mayer 

Joseph  Mtchttsch 

Rosie  Yu 

ARINC  Research  Corporation 

2551  Rrva  Road 

Annapolis.  Maryland  21401 

March  1986 

Final  Rapon 

This  document  le  available  to  the  U  S.  public 
through  the  National  Technical  Information 

Service.  Springfield.  Virginia  22161. 

e 
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OPERATIONAL  PROCEDURES  AND  TECHNOLOGY 


CHARLES  0.  MASTERS 
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AIRCRAFT  SURFACE  ICE  DETECTOR  TECHNOLOGY 

Ongoing  literature  survey  of  available  ice  detector  devices  and 
technologies  for  on  ground  detection  of  aircraft  surface  ice 
formations  prior  to  flight. 

Technical  Report 

1990 - >  1992 


VISUAL  ♦  TOUCH 

n 


PROVEN  EFFECTIVE  ICE  DETECTION 
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DETECTION  OF  WING 
UPPER  SURFACE  ICE 

SERVICE  BULLETIN  30-59 
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WING  ICE  DETECTOR 
SYSTEM  CONFIGURATION 


AIRCRAFT  SURFACE  ICE  DETECTOR  TECHNOLOGY 
PRELIMINARY  RESULTS 

A  number  of  technologies  and  devices  have  been  identified 
including: 

•  Proven  physical  tactile  inspections 

•  Visualization  enhancement  techniques 

•  Operational  electro-mechanical  sensors 

•  Feasibility  studies  employing  sophisticated 
transmitter  and  receiver  systems. 


Draft  Technical  Report  -  Fall  1992 


AERODYNAMIC  EFFECTS  OF  DEICING/ANTI-ICING  FLUIDS 

1.  Flight  Test  *  Effects  of  AEA  Type  II  Fluids  on  Aerodynamic 
Performance  Small  General  Aviation  Airplanes 

2.  Flight  Test  -  Effects  of  Commuter  Class  (Type  1  )  FPDs  on 
Aerodynamic  Performance  of  General  Aviation  Airplanes 

Technical  Reports 

1989 - >  1990 - >  1992 
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Normal  application  of  seven  different  ground  deicing/anti-icing  fluids 
to  a  Beech  Baron  D55  and  a  Cessna  152  trainer  resulted  in 
significant  amounts  of  fluid  remaining  on  the  wings  during  the 
takeoff  run  and  liftoff. 

The  residual  fluid  on  the  wing  caused  a  loss  of  lift  and  increased 
liftoff  airspeed  at  a  given  angle  of  attack. 

The  effect  of  residual  fluid  is  increased  as  ambient  temperature  is 
decreased. 

The  test  pilots  were  not  aware  of  any  significant  deterioration  in 
takeoff  performance  during  any  of  the  tests.  Handling  qualities 
during  liftoff  and  climbout  appeared  normal. 

Lift  losses  appeared  to  increase  as  angle  of  attack  increased  and 
liftoff  airspeed  decreased. 

The  use  of  Type  II  anti-icing  fluids  in  a  neat  concentration  on  small 
general  aviation  aircraft  with  low  rotation  speeds  is  not 
recommended. 
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AERODYNAMIC  EFFECTS  OF  DEICING/ANTI-ICING  FLUIDS 


RESULTS 


55 

Flight  Evaluation  of  Several 

Ground  Deicing/Anti-icing 
Fluids  on  General  Aviation 

Aircraft 

David  L.  Kontmin  and  Mahyar  Rahbarrad 

Kohiman  Aviation  Corporation 

Colorado  Springs,  Colorado 

December  1990 
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UNDER  WING  FROST  EFFECTS 


Ongoing  effort  to  determine  the  effects  of  underwing  frost  and  ice 
attributed  to  "Cold  Soaked  Fuel"  on  the  aerodynamic  performance 
of  large  transport  category  airplanes 

Technical  Report,  Advisory  Information 

1991 - >1992 


GROUND  DEICING  HOLD-OVER  TIME  PREDICTIONS 


*  Feasibility  -  Hold-Over  Time  Prediction  Methodology 

*  (In  Situ  measurements  of  Fluid  Hold-Over  Times) 

•  Development  -  Validation  of  Computer  Codes 

•  System  Integration/Test 

Technical  Reports 

1988 - >  1994 
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VARIABLES  THAT  INFLUENCE  HOLDOVER  TIME 


•  Precipitation  Type  and  Rate 

•  FPD  Fluid  Film  Thickness 

•  FPD  Fluid  Aqueous  Solution  (Strength) 

•  FPD  Fluid  Temperature 

•  Aircraft  Skin  temperature 

•  Ambient  Temperature 

•  Wind  Direction  and  Velocity 

•  Relative  Humidity 

•  Aircraft  Surface 

•  Residual  Moisture  On  Aircraft  Surfaces 

•  Conditions  of  Ramps,  Taxiways  and  Runways 


HOLDOVER  TIME  IN  SITU  MEASUREMENTS 
PRELIMINARY  RESULTS 

Over  800  data  measurements  have  been  obtained  from  an  interna¬ 
tional  consortium  under  lead  of  Transport  Canada.  Over  15  FPD 
fluids  have  been  investigated.  Participating  countries  include: 

Canada,  US,  Germany,  Japan,  France,  United  Kingdom,  Switzerland 
Sweden,  and  covered  15  separate  site  locations.  The  FAA  was 
responsible  for  4  of  these  sites. 
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ADVISORY  CIRCULAR  20-117  UPDATE 

Ongoing  effort  to  update  AC  20-117  "HAZARDS  FOLLOWING 
GROUND  DEICING  AND  GROUND  OPERATIONS  IN  CONDITIONS 
CONDUCIVE  TO  AIRCRAFT  ICING":  to  include  the  latest 
technological  advances  and  recommended  operational  procedures 
encompassing  advanced  thickened  de/anti-icing  fluids. 

Advisory  Information 


1989 


>  1992 
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PRELIMINARY  RESULTS 


DRAFT 

Advisory 

Circular 
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PILOT  INFORMATION 

1 .  AOPA/FAA  Tech  Center  Video  "Aircraft  Icing" 

1988  — >  1989 

2.  Advisory  Circular  -  "Pilot’s  Guide  to  Large  Aircraft 
Ground  Deicing" 


1989 - >1992 

3.  Advisory  Circular  -  Deicing  Of  Commuter  and  Small 
Airplanes 


1992 — >-1993 


PILOT  INFORMATION 
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HECTOR  DAIUTOLO 


FAA  Technical  Center 


continued 


TYPE  II  FLUID  TESTED 
Propylene  Glycol 


AIRPORT  SITES 

Dulles  International 
Philadelphia  International 


PAVEMENTS  TESTED 

PORTLAND  CEMENT 
Nongrooved 
Grooved 

Grooved,  Rubber  Contaminated 

ASPHALT 

Nongrooved 

Grooved 

Grooved,  Rubber  Contaminated 


HECTOR  DAIUTOLO 

FAA  Technical  Center 


continued 


TEST  EQUIPMENT 
Liquid  Chemical  Spreader 
Law  Friction  Tester 
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HECTOR  DAIUTOLO 


FAA  Technical  Center 


continued, 


TEST  PROCEDURE 

Pavement  sections  1 0  feet  by  500  feet 
initially  Dry 
Initially  Wet 

Increasing  Depositions  of  Type  II  Fluid 
Friction  Measurements  Made  for  all 
Conditions 


FRICTION  LEVEL  FRICTIO 


GROOVED  PORTLAND  CEMENT 
INITIALLY  WET 


Winter  Reporting 


HECTOR  DAIUTOLO 


FAA  Technical  Center 


continued 


I  T6o  200  3lfc 

ESTIMATED  NUMBER  of  TAKEOFFS  of 
DEICED  AIRCRAFT 


HECTOR  DAIUTOLO 


FAA  Technical  Center 


continued 
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up 


GROOVED  PORTLAND  CEMENT 
RUBBER  CONTAMINATED 

INITIALLY  WET 


0 


_i _ i 

100  200 


ESTIMATED  NUMBER  of  TAKEOFFS  of 
DEICED  AIRCRAFT 


FRICTION  LEVEL 


GROOVED  PORTLAND  CEMENT 
RUBBER  CONTAMINATED 

INITIALLY  WET 


HECTOR  DAIUTOLO 


Maintenance  Level 


ESTIMATED  NUMBER  of  TAKEOFFS  of 
DEICED  AIRCRAFT 


FAA  Technical  Center 


continued 


RUNWAY  SURFACES 
AREAS  OF  CONCERN 


Touchdown  -  Rubber  Contaminated 
Braking  -  Smoothed 


HECTOR  DAIUTOLO 


FAA  Technical  Center 


continued 


FOLLOW-ON  WORK 

CONTROLLED  TESTING 


Asphalt 

Grooved 

Heavy  Rubber  Deposits 
Smoothed  Microtexture 
Wetted  Surface 


FOLLOW-ON  WORK 

CONTROLLED  TESTING  (cont'd) 


Gradual  Increase  in  Deposition 
of  Type  II  Fluid 

Measurement  with  a  Friction  Tester 
Removal  of  Rubber  Deposits 
Repeat  with  a  Gradual  Increase 
in  Rubber  Accumulation 


FOLLOW-ON  WORK 


HECTOR  DAIUTOLO 


FAA  Technical  Center 


continued 


CONTROLLED  TESTING  (cont'd) 


Repeat  with  Combinations  of  Type  II 
Fluid  and  Runway  Anti-Icing  Fluids 


FOLLOW-ON  WORK 


CONTROLLED  TESTING  (cont'd) 


Measurements  at  Critical  Points 
with  Instrumented  Aircraft 
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Friction  Level  Friction  Level 


HECTOR  DAIUTOLO 


FAA  Technical  Center 


continued 


HECTOR  DAIUTOLO 
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Estimated  Number  of  Takeoffs  of  De-Iced  Aircraft 


FIGURE  B  -  Effect  of  Type  II  fluid  on  Runway  Friction 


12 


Friction  Level  Friction  Level 


HECTOR  DAIUTOLO 


FAA  Technical  Center 
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Friction  Level  Friction  Level 


HECTOR  OAIUTOLO 
FAA  Technical  Center 


continued 
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FIGURE  F  -  Effect  of  Type  II  fluid  on  Runway  Friction 


Mr.  Administrator,  ladies  and  gentlemen,  I  am 
J.  Roger  Fleming,  Senior  Vice  President,  Tech¬ 
nical  Development  and  Planning,  Air  Transport  Asso¬ 
ciation  of  America  (ATA).  ATA  represents  scheduled 
passenger  carriers  as  well  as  shippers  of  packages  and 
freight.  ATA  carrier  representatives  attending  this 
conference  are  committed  to  addressing  the  chal¬ 
lenges  identified  by  the  Administrator  in  his  earlier 
remarks  and  to  work  cooperatively  with  FAA  and  other 
elements  of  the  aviation  community  to  develop  con¬ 
sensus  recommendations  on  measures  to  reduce  the 
riskofaccidentdue  to  winterweather  conditions.  Iam 
pleased  to  appear  before  you  this  morning  to  present 
some  highlights  of  current  ATA  member  carrier  think¬ 
ing  on  these  matters  in  the  hope  that  such  information 
will  prove  useful  during  your  discussions  here. 

As  you  know,  there  is  nothing  new  or  unique  about 
operating  airline  aircraft  in  conditions  that  require 
deicing  before  flight.  Each  year  U.S.  airlines  operate 
about  7,000,000  flights,  many  of  these  during  inclem¬ 
ent  weather  conditions  which  require  snow,  ice  or 
frost  removal.  Effective  deicing  procedures  have  been 
developed  by  airlines,  workingcooperatively  over  many 
years  with  FAA,  airframe  manufacturers,  airport  op¬ 
erators,  and  suppliers  of  anti-icing  and  deicing  fluids 
and  equipment. 

A  remarkable  safety  record  has  been  achieved.  How¬ 
ever,  even  though  accidents  due  to  incorrect  or  un¬ 
timely  deicing  of  airline  aircraft  prior  to  flight  have 
been  rare  we  must  redouble  our  efforts  to  reduce  the 
possibility  of  operational  error  to  as  near  zero  as 
possible.  The  airlines  believe  this  can  be  done  with  a 
concerted  effort  to  improve  coordination  among  all 
the  parties  that  play  a  role  in  the  safe  conduct  of  flight 
operations  during  adverse  winterweather  conditions. 
But  it  will  be  a  complex  task  that  must  be  undertaken 
in  phases  -  near  term  and  longer  term  -  in  recognition 
of  the  fact  that  airport  facilities  needed  to  support  new 
deicing  operations  cannot  be  completed  by  the  start  of 
next  winter’s  deicing  season,  October  1, 1992. 

Airlines,  FAA,  pilots,  airport  operators  and  others 
must  undertake  an  aggressive,  innovative,  coordinated 
program  to  furt  her  reduce  the  risk  of  an  accident  that 
could  be  attributed  to  faulty  deicing  procedures,  delay 


in  issuance  of  takeoff  clearance,  inadequate  inspec¬ 
tion  of  the  airplane  flight  surfaces  prior  to  start  of 
takeoff  run,  or  some  other  error  that  has  been  cited  by 
NTSB  in  previous  accident  reports.  Such  a  program 
will  likely  entail  significant  changes  in  current  deicing 
procedures,  in  the  way  we  manage  the  movement  of 
airplanes  on  the  airport  surface  and  in  the  way  ATC 
and  airlines  control  aircraft  on  the  ground  prior  to 
departure.  Numerous  physical  changes  are  likely  to  be 
needed  in  airport  taxiways,  holding  and  deicing  pads 
and  drainage  systems  to  comply  with  environmental 
concerns.  Additional  deicing  application  equipment 
will  have  to  be  procured  and  new  fluids  storage  and 
transport  systems  installed. 

I  would  like  to  focus  now  on  the  general  approach  we 
propose  be  pursued  in  dealing  with  the  set  of  issues 
related  to  deicing  and  anti-icing.  Time  is  the  critical 
factor  when  operating  in  weather  conditions  that 
dictate  deicing/anti-icing  prior  to  flight.  The  time 
interval  between  completion  of  these  procedures  and 
takeoff  must  be  minimized.  Our  recent  discussions 
with  FAA  officials  on  deicing  issues  have  focused  on 
the  need  to  reduce  this  critical  time  interval. 

FAA  has  advised  that  they  believe  a  not-to-exceed  time 
interval  should  be  established  for  agiven  set  ofweather 
conditions  and  deicingfanti-icing  treatment  employed. 
This  time  factor  could  be  identified  as  the  permissible 
“holdover  time,”  i.e.,  the  maximum  time  between 
deicing/anti-icing  and  takeoff.  The  holdover  time  con¬ 
cept  is  thus  likely  to  become  fundamental  to  the 
revised  deicing  processes  and  procedures  we  adopt. 
Airlines  believe  that  this  is  an  appropriate  concept  to 
guide  our  cooperative  program  -  a  concept  that  can 
become  a  component  of  an  FAA  approved  deicing^ 
an  i-icing  program.  However,  we  need  to  preserve 
flexibility  in  application  of  the  holdover  time  concept 
to  account  for  the  variables,  such  as  weather  condi¬ 
tions  which  may  change  quickly,  unique  aircraft  char¬ 
acteristics,  use  of  physical  inspection  of  critical  sur¬ 
faces  before  takeoff  and  differing  deicing  equipment, 
fluids  and  procedures. 

Time  is  critical  in  another  sense.  '«  order  to  put 
revised  deicing/anti-icing  programs  into  effect  by  the 
FAA  deadline,  October  1,  1992,  we  must  have  the 
important  elementsof  the  program  agreed  next  month 
so  that  detailed  procedures  can  be  completed,  equip¬ 
ment  put  in  place,  training  program  materials 


J.  ROGER  FLEMING 
Air  Transport  Association 
of  America 
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prepared  and  training  completed  prior  to  the  start  of 
the  deicing  season.  In  order  to  meet  this  timetable,  the 
airlines  and  ATA  staff  have  already  started  coopera¬ 
tive  efforts  with  FAA,  airport  operators,  pilots  and 
airframe  manufacturers  to  devise  the  best  means  to 
reduce  the  critical  time  interval  between  deicing  and 
takeoff  and  decide  how  to  deal  with  airplanes  that 
exceed,  or  are  likely  to  exceed,  the  permissible  hold¬ 
over  time. 

The  best  means  to  achieve  these  objectives  is  going  to 
be  unique  to  each  busy  airport.  In  fact,  the  best  means 
may  be  unique  to  each  departure  runway  at  each  busy 
airport.  Primary  deicing  will,  in  most  cases,  continue 
to  be  accomplished  at  the  gate.  The  complex  nature  of 
ground  operations  at  busy  airports  and  interaction 
with  the  ATC  process  makes  it  impractical  to  accom¬ 
plish  primary  deicing  elsewhere  at  such  airports.  We 
anticipate  that  secondary  deicingfacilities  will  have  to 
be  located  -  in  most  cases  newly  constructed  -  at  about 
30  of  the  busiest  airports  in  the  U.S.  to  provide  second¬ 
ary  deicing  treatment  for  airplanes  that  either  exceed 
or  are  likely  to  exceed  the  holdover  time  limit.  Alterna¬ 
tively,  sites  may  be  needed  where  physical  inspections 
of  the  aircraft  can  be  conducted  immediately  before 
takeoff. 

We  believe  a  local  task  force  will  have  to  be  established 
at  each  of  the  busiest  airports  requiring  special  mea¬ 
sures  to  tailor  the  actions  required  to  the  local  airport 
and  ATC  system  operations.  ATA  will  take  the  initia¬ 
tive  in  organizing  the  local  task  forces,  which  will 
include  representatives  from  FAA,  the  airport  and  the 
airlines,  at  a  minimum. 

ATC  will  play  a  vital  role  in  this  activity  because  we 
must  find  ways  to  reduce  queuing  prior  to  takeoff. 
Airline  and  ATC  ground  movement  and  control  proce¬ 
dures  will  have  to  be  developed  that  will  enable  air¬ 
planes  to  be  sequenced  more  efficiently.  Delay  pro¬ 
grams  routinely  imposed  by  the  ATC  System  Com¬ 
mand  Center  or  adjacent  ATC  facilities  may  have  to  be 
modified  to  reduce  adverse  effects  on  departures. 

Another  factor  must  be  considered.  Every  mqjor  U.S. 
air  carrier  is  an  international  operator  and  must  cope 
with  the  fact  that  the  regulatory  reach  of  FAA  does  not 
extend  to  foreign  ATC  or  airport  operations,  nor  do 


FAA  operating  rules  apply  to  foreign  carriers  operat¬ 
ing  outside  the  U.S.  FAA’s  rules  do,  of  course,  apply 
worldwide  to  U.S.  carriers  operating  under  the  provi¬ 
sions  of  Federal  Aviation  Regulations  Part  121.  It  is 
apparent  that  the  FAA  and  U.S.  carriers  must  develop 
some  common  principles  if  U.S.  carriers  are  to  be  able 
to  operate  and  compete  in  parts  of  the  world  where 
deicing  procedures  are  required  but  neither  the  FAA 
nor  the  U.S.  airline  controls  all  the  rules  and  local 
airport  operating  practices. 

Finally,  construction  of  new  remote  deicing  and  in¬ 
spection  sites,  or  rebuilding  of  existing  sites  to  satisfy 
new  requirements,  will  necessitate  significant  new 
capital  investment  in  pavement,  vehicle  access  roads 
and  taxiways  as  well  as  in  waste  water  collection, 
treatment  and  discharge  systems  to  meet  environ¬ 
mental  regulations.  In  addition,  substantial  invest¬ 
ment  in  deicing  equipment  will  be  required  if  second¬ 
ary  deicing  at  sites  remote  from  primary  deicing  sites 
is  to  be  conducted.  Remote  deicing  will  also  require 
additional  storageand  transport  systems  for  the  fluids. 
Airlines  have  requested  Congressional  assistance,  and 
FAA  support,  to  expedite  the  funding  and  acquisition 
of  deicing  related  structures,  facilitiesand  equipment, 
irrespective  of  whether  these  are  operated  by  airport 
proprietors,  airlines,  fixed  base  operators,  or  other 
entities.  Specifically,  we  are  requesting  that  these 
facilities  be  made  eligible  for  100%  funding  under  the 
AIP  program  and  we  solicit  the  support  of  this  Confer¬ 
ence  for  such  a  legislative  amendment. 

Mr.  Administrator,  ladies  and  gentlemen,  this  work 
program  is  going  to  be  both  complex  and  time  con¬ 
strained.  Flexibility  and  ingenuity  will  be  required  to 
attain  the  objectives  we  are  setting,  particularly  to 
meet  the  short  term  October  1  date.  We  must  avoid 
unnecessary,  prolonged  debate  and  we  must  put  the 
highest  priority  on  action.  We  must  be  committed  to 
change  -  this  year  and  next  and  perhaps  the  year  after 
that,  as  our  longer  term  program  unfolds.  We  must 
work  cooperatively  and  swiftly  in  order  to  satisfy  the 
challengesthat  Administrator  Harrisspelled  out  in  his 
earlier  remarks. 

Let  us  get  on  with  the  task. 


BILL  SWIETLIK 

Enviromental  Protection  Agency 


Additional  Status  Report 
From  Industry 


WORKING 


GROUP 

CONCLUSIONS 


Hi  -'on,  Virginia 
>iay  2S  -  2!l. 


Chairman: 


KENNETH  W.  HOEFS 

Boeing 

AIRCRAFT  DESIGN  CONSIDERATIONS 

Co-Chairman: 

JOHNK.  MCGRATH 

Working  Group  1 

FAA 

1 _ 

Working  Group  1 

Aircraft  Design  Considerations 

Charter 


Areas  of  Consideration: 

The  effects  of  ground  ice  formation  on  airplane  wings,  control  surfaces, 
engine  inlets,  and  instrumentation  and  performance.  Aircraft  systems 
for  ground  ice  detection  and  ground  anti-icing. 

Expected  Group  Outcome: 

A  consensus  on  areas  of  concern  regarding  the  adverse  affects  of  ground 
ice  formation  on  airplanes,  the  adverse  affects  of  deicirv'  and  anti-icing 
fluids,  and  suggested  actions  to  relieve  those  concerns.  Recommendations 
concerning  the  effectiveness  of  aircraft  installed  ground  ice  detection  and 
anti-icing  systems. 
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V 


Chairman: 

KENNETH  W.  HOEFS 

Panel  Members 

Boeing 

Ice/Frost/Fluids  Panel: 

Co-Chairman: 

• 

Walt  Valarezo 

Douglas 

• 

Gene  Hill 

Boeing 

JOHNK.  MCGRATH 

• 

Jack  vanHengst 

Fokker 

• 

Claudius  LaBurthe 

Airbus 

• 

Jack  Reinman 

NASA 

FAA 

• 

Colin  Fender 

FAA 

• 

Joe  Brownlee 

FAA 

Ice  Detectors'Ground  Ice  Protection  Systems  Panel: 

Working  Group  1 

• 

Joe  Brownlee 

FAA 

Aircraft  Design  Considerations 

• 

Charlie  Masters 

FAA 

continued 

• 

DougCozby 

Boeing 

• 

Ralph  Brumby 

Douglas 

• 

Jim  Bullock 

Douglas 

• 

Jack  vanHengst 

Fokker 

• 

George  Rebender 

Airbus 

Ice/Frost 


Conclusions: 

•  Wing  upper  surface  contamination  -  ice,  snow  or  frost  -  causes  significant 
increases  in  stall  speeds  and  reductions  in  rate-of-climb  capability. 

•  Wing  contamination  decreases  the  stall  angle-of-attack  resulting  in  loss  of 
artificial  stall  warning  for  some  aircraft. 

•  At  small  wing  contamination  roughness,  hard  wings  (no  leading  edge  devices) 
show  larger  percentage  lift  losses  and  may  operate  with  reduced  stall  speed 
margins  than  wings  with  leading  edge  devices.  However,  these  differences  are 
not  significant  enough  to  allow  operation  with  wing  contamination  for  any  class  of 
airplanes. 

Recommendations: 

•  Strict  attention  needs  to  be  focussed  on  ensuring  that  the  critical  aircraft  surfaces 
are  free  of  contamination  -  ice,  frost  and  snow. 

•  Keep  it  clean. 

•  Airframe  manufacturers  continue  to  review  effects  of  wing  contamination  for 
hard  wings  and  recommend  appropriate  performance  adjustments. 


94 


Fluid  Activities 

-  AIA/AECMA  Working  Group  - 


•  Conducted  wind  tunnel  and  flight  tests  to  measure  effect  of  fluids  on  aerodynamic 
characterisitcs,  for  aircraft  whose  rotation  speeds  are  approximately  110  knots  or 
greater. 

•  Assessed  the  influence  of  fluids  on  airplane  performance  and  have  published  related 
information  for  their  fleets. 

•  Established  a  standard  for  acceptable  fluid  flowoff  to  limit  fluid  aerodynamic  effects. 

•  Supported  development  of  uniform,  international  standards  for  fluids,  procedures  and 
support  equipment  (AEA/SAB1SO  specifications). 


Fluid 

Wind  Tunnel/Flight  Tests 

Conclusions; 

•  Acceptable  correlation  exists  between  flight  and  wind  tunnel  data  demonstrated. 

•  Not  all  the  fluid  flows  off  the  wing  prior  to  liftoff 

•  The  remaining  fluid  residual  (roughness)  generally  results  in  measurable  lift 
losses  and  drag  increases. 

•  The  fluid  effects  vary  with  the  flowoff  characteristics  of  each  fluid,  ambient 
temperature,  dilution,  model  configuration,  and  exposure  to  precipitation. 

•  The  aerodynamic  effects  of  the  fluids  rapidly  dissipate  after  liftoff 

•  The  fluid  aerodynamic  effects  correlate  well  with  boundary  layer  thickness 
measurements  on  a  flat  plate. 


Chairman: 

KENNETH  W.  HOEFS 

Boeing 

Co-Chairman: 

JOHNK.  MCGRATH 

FAA 


Working  Group  1 

Aircraft  Design  Considerations 

continued 
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Chairman: 
KENNETH  W.  HOEFS 
Boeing 
Co-Chairman: 
JOHNK.  MCGRATH 

FAA 


Working  Group  1 
Aircraft  Design  Considerations 
cimlinued 


Aerodynamic  Acceptance  Test  for  Fluids 


•  To  limit  the  transitory  aerodynamic  effects  of  fluids,  an  Aerodynamic  Acceptance  Test 
standard  has  been  established  by  the  AIA/AECMA  and  incorporated  into  the  AEA,  SAE 
and  ISO  aircraft  ground  deicing/anti-icing  fluid  specifications. 

•  Criteria  based  on: 

/  Flat  plate  flow-off  characteristics  of  fluid  at  operational  temperatures  in  a 
small,  cooled  wind  tunneL 

✓  Measurement  of  fluid  boundary  layer  displacement  thickness  after 
experiencing  the  shear  stress  of  a  typical  takeoff. 

✓  Acceptable  airplane  takeoff  performance. 

•  The  Aerodynamic  Acceptance  Test  standard  will  ensure  that  fluids  used  by  the 
airlines  have  acceptable  aerodynamic  characteristics. 

•  Small  scale  wind  tunnels  at  the  vonKarman  Institute  for  Fluid  Dynamics  and  the 
University  of  Quebec  at  Chicoutimi  have  been  qualified  by  the  AIA/AECMA  to 
conduct  the  Aerodynamic  Acceptance  Test 


Acceptable  Aircraft  Ground  Anti-icing  Fluids 


•  Type  II  -  meet  fluid  specifications  and  Aerodynamic  Acceptance  Test 
/  Kilfrost  ABC  3 

✓  Hoechst  1704  LTV/88 

✓  Dow  Flightgard  2000 

✓  SPCA  AD  104 


•  Other  •  reportedly  have  holdover  times  longer  than  Type  I  fluids. 
/  Union  Carbide 

*  UCAR  AAF  260-3 

•  UCAR  UC  5.1 
/  Octagon  40  Below 
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Manufacturers  Position  on  Fluids 

-  AIA/AECMA  Working  Group  - 


•  Airframe  manufacturers  accept  operational  use  of  Type  I  and  Type  II  fluids 
providing: 

✓  Fluids  meet  AEA/SAEVISO  standards -including  Aerodynamic  Acceptance 
Test  requirements  -  and  airframe  compatibility  requirements. 

/  Aircraft  deicing/anti-icing  is  performed  using  AEA/1SAE/ISO  recommended 
procedures  and  standards. 

/  Ileicinganti-icing  ground  support  equipment,  fluid  storage  and  handling 
practices  meet  AEA/SAETSO  recommendations  and  standards. 

/  Fluid  holdover  times  as  defined  in  the  AEA  and  ISO  specification  and  SAE 
ARP  4737  are  observed. 

•  Airframe  manufacturers  may  make  additional  recommendations  based  on  the  fluid 
effects  on  specific  aircraft  models. 

•  In  general,  reduced  thrust  procedures  for  takeoff  (assumed  temperature  methodt  are 
acceptable  when  deicing'anti-idng  fluids  are  used  -  provided  the  runway  is  dean  of 
snow  or  slush.  However,  the  airframe  manufacturers  may  require  thrust  margins 
for  specific  aircraft  models. 


Fluid  Recommendations 

Near  Term : 

•  Regulatory  authorities  accept  for  conventional  jet  transports  the  AEA/SAETSO 
standards  for  aircraft  ground  deicingfanti-icing  fluids  -  including  the  AIA/AECMA 
Aerodynamic  Acceptance  Test  method. 

•  Use  of  Type  II  fluids  when  holdover  time  is  critical 

•  Regulatory  authorities  accept  actions  taken  by  the  airframe  manufacturers  -  no  new 
performance  regulations  required  for  fluids. 

Lone  Term; 

•  Fluid  manufacturers  continue  refinement  of  Type  II  fluids  to  improve  holdover  times 
and  flow off  characteristics  at  takeoff  speeds. 

•  Effects  of  freezing  precipitation  on  fluid  flow  off  characteristics  need  to  be  investigated. 


Chairman: 

KENNETH  W.  HOEFS 

Boeing 
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Aircraft  Design  Considerations 
continued 


Ice  Detection  Systems 


Status: 

•  Primary  or  advisory’  ice  detectors  are  available  on  most  production  aircraft.  These 

detectors  are  the  probe  type  and  not  effective  for  ground  use. 


•  Surface  type  detectors  in  production  on  the  MD-80  series  aircraft  These  detectors  are 
installed  on  the  inboard  wingfor  ground  clear  ice  advisories. 


•  Several  vendors  have  developed  production  or  prototype  ground  ice  detection  systems 
which  show  good  potential. 


Ice  Detection  Systems 


Conclusions/Recommendations: 

•  Continued  development  of  ground  detectors  for  ice,  snow  and  frost  should  be 
encouraged. 

•  Requirements  need  to  be  defined  by  representative  industry  team. 

•  Candidate  ground  ice  detection  systems  need  to  be  evaluated  for  application  suitability, 
including  ability  to  detect  ice,  snow  and  frost  as  well  as  discern  difference  between 
these  contaminates  and  fluids. 

•  Production  systems  should  be  tested  on  aircraft  under  representative  winter 
operation. 

9  Decision  to  mandate  ground  ice  detection  systems  should  be  delayed  until  evaluations 

and  flight  tests  are  completed  and  a  production  ice  detection  system  qualified. 


•  FAA  support  evaluation/development  of  promising  ground  ice  detector  technologies. 


Ground  Ice  Protection 


Chairman: 


Status: 

•  Large  percentage  of  aircraft  fleet  does  not  have  ground  wing  ice  protection  (TAD 
capability. 

Exceptions: 

✓  737-200  (option),  737-300/-40G/-500 

✓  E28,  FI  00  (currently  de-activated) 

/  DC9  Series  10  (will  be  retrofitted) 

•  Large  percentage  of  current  production  fleet  provide  only  partial  span  wing  TAL 


Limitations: 

•  Engine  bleed  limitation®  low  power  setting. 

•  Risk  of  structure  overheat  damage. 

•  May  not  be  compatible  with  deicing/anti-icing  fluids. 

•  Not  a  primary  ice  removal  system  -  does  not  replace  normal  ground  de-icing 
procedures. 


KENNETH  W.  H0EFS 

Boeing 

Co-Chairman: 

J0HNK.  MCGRATH 

FAA 


Working  Group  1 

Aircraft  Design  Considerations 

continued 


Ground  Ice  Protection 


Aerodynamic  Effects: 

9  Wing  TAI  limited  to  forward  5%  to  10%  chord,  the  rest  of  wing  remains 
contaminated. 

•  Wind  tunnel  and  flight  tests  of  simulated  ground  frost  and  ice  show  significant  lift 
losses  (<  15%  Ci>MAX)and  drag  increases  even  with  a  ground  TAI  system. 

•  Refreezing  of  run-back  water  on  unheated  surfaces  can  cause  an  ice  ridge  to  form, 
which  creates  additional  adverse  aerodynamic  effects. 


Chairman: 
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Aircraft  Design  Considerations 
continued 


Ground  Ice  Protection 


Conclusions: 

•  Operation  of  wing  TAI  on  the  ground  is  technically  feasible,  but  not  practicable  fbr 
most  models. 

•  Ground  wing  TAI  results  in  a  partially  clean  wing  (leading  edge  only). 
Recommendations: 

•  Ground  wing  TAI  is  not  "the"  solution  to  the  aircraft  ground  king  problem. 
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Area  of  Consideration:  The  effects  of  ground  ice 
formation  on  airplane  wings,  control  surfaces,  en- 
gine  inlets,  instrumentation,  andperformance.  The 
group  also  addressed  aircraft  systems  for  ground  ice 
detection  and  ground  anti-icing. 

ICE/FROST/SNOW 

Discussion 

Consideration  of  the  problems  associated  with  wing 
contamination  -  ice,  snow  or  frost  -  led  to  several 
conclusions.  Wing  leading  edge  and  upper  surface 
contamination  can  cause  significant  increases  in  stall 
speed  -  up  to  10  to  15  percent  -  and  reductions  in  rate 
of  climb  capability.  Contamination  decreases  the 
angle  of  attack  at  which  wing  stall  occurs  and  can 
result  in  the  loss  of  the  artificial  stall  warning  to  the 
pilot.  Data  provided  to  the  working  group  suggests 
that  with  contamination,  hard  wings  (no  leading  edge 
devices)  exhibit  a  greater  percentage  of  lift  loss  and 
may  operate  with  reduced  stall  speed  margins  com¬ 
pared  to  wings  with  leading  edge  devices.  However, 
these  differences  are  not  significant  enough  to  allow 
operation  of  either  type  of  wing  configuration  with  ice, 
snow,  or  frost  adhering  to  the  surfaces. 

Recommendations 

1.  Strict  attention  needs  to  be  focused  on  ensuring 
that  the  critical  aircraft  surfaces  are  free  of  frost, 
ice,  and  snow.  Critical  surfaces  include  the  lifting 
surfaces  and  total  pressure  probes  of  the  air  speed 
systems  and  engine  instrumentation. 

2.  Continue  to  stress  the  FAA  policy  of  “keep  it  clean”. 

3.  Airframe  manufacturers  should  review  the  effects 
of  contamination  for  hard  wings  and,  if  appropriate, 
recommend  performance  adjustments. 


DEICING/ANTI-ICING  FLUIDS 
Discussion 

WAIA/AECMA  Working  Group  activities  on  deicing 
fluids  were  reviewed.  Wind  tunnel  and  flight  tests 
have  been  conducted  to  measure  the  aerodynamic 
effects  of  fluids  on  aircraft  whose  rotation  speeds  are 
110  knots  or  greater.  Results  show  that  not  all  the 
fluid  flows  off  the  wing  prior  to  liftoff.  The  remaining 
residual  fluid  results  in  a  measurable  loss  of  lift  and  an 
increase  in  drag.  At  normal  liftoff  attitudes,  lift  loss 
varies  from  2  to  4  percent.  The  aerodynamic  effects  of 
the  fluids  rapidly  dissipate  after  liftoff.  Ambient  air 
temperature,  dilution  of  the  fluid  and  the  airplane 
model  configuration  can  all  affect  the  flowoff  charac¬ 
teristics  of  the  fluid.  Using  these  data,  the  manufac¬ 
turers  have  assessed  the  influence  of  fluids  on  air¬ 
plane  performance  and  published  related  informa- 
tionfortheirfleets.  An  aerodynamic  Acceptance  Test 
standard  for  acceptable  fluid  flowoff  to  limit  the 
transitoiy  fluid  aerodynamic  effects  has  been  estab¬ 
lished  and  incorporated  into  the  AEA,  SAE,  and  ISO 
aircraft  fluid  specifications. 

Recommendations 

1.  Airframe  manufacturers  accept  operational  use  of 
Type  I  and  II  fluids,  provided  they  meet  the  AEA, 
ISO  and  SAE  fluid  standards.  Type  II  fluids  should 
be  used  where  holdover  time  is  critical. 

2.  Regulatory  authorities  accept  for  conventional 
transports  the  industry  standards,  including  the 
AIA/AECMAAerodynamicAcceptanceTest.  Regu¬ 
latory  authorities  also  should  accept  actions  taken 
by  airframe  manufacturers  regarding  fluids.  New 
performance  regulations  are  not  necessary. 

3.  Over  the  long  term,  fluid  manufacturers  should 
continue  to  refine  Type  II  fluids  to  improve  hold¬ 
over  time  and  flow-off  characteristics  at  take-off 
speeds. 

4.  Farther  investigation  is  warranted  into  the  effects  of 
freezing  precipitation  on  fluid  flow-off  characteristics. 


Chairman: 
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Chairman: 
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Boeing 
Co-Chairman: 

JOHNK.  MCGRATH 


ICE  DETECTION  SYSTEMS 
Discussion 

Most  production  aircraft  have  probe  type  ice  detectors 
that  are  effective  in  the  air,  but  not  on  the  ground. 
Surface  type  ice  detectors,  installed  on  the  MD-80 
series  aircraft,  are  capable  of  detectingclear  ice  on  the 
ground.  Several  vendors  have  developed  production 
or  prototype  ground  ice  detection  systems  which  show 
good  potential. 


FAA 


Working  Group  1 
Aircraft  Design  Considerations 
continued 


Recommendations 

1.  Development  of  ground  ice  detectors  should  be 
encouraged.  These  systems  should  have  the  ability 
to  detect  ice,  snow,  and  frost,  as  well  as  discern  the 
difference  between  these  contaminants  and  fluids. 

2 .  The  FAAshould  support  the  development  and  evalu¬ 
ation  of  promising  ground  detection  systems.  An 
industry  team  should  be  formed  to  define  the  re¬ 
quirements  for  such  systems. 


3.  Any  decision  by  FAA  to  mandate  ground  ice  detec¬ 
tion  systems  should  be  delayed  until  evaluations 
and  flight  tests  are  completed  and  a  production 
system  qualified. 


GROUND  ICE  PROTECTION 
Discussion 

Commercial  aircraft  provide  in-flight  wing  thermal 
anti-icing.  The  later  models  anti-ice  40  to  60  percent 
of  the  span,  while  earlier  models  anti-ice  up  to  80 
percent.  Majority  of  fleet  does  not  have  ground  anti¬ 
icing  capability.  Converting  these  in-flight  systems  to 
ground  capability  poses  several  problems.  These  in¬ 
clude  engine  bleed  limitatioas  at  low  power  settings 
and  the  risk  of  structural  overheat  damage.  Further¬ 
more,  a  ground  anti-icing  system  only  partially  cleans 
the  wing  (i.e.  forward  5%  to  10%  chord)  and  may  not  be 
compatible  with  type  II  fluids. 

Recommendation 

Wing  thermal  anti-icing  systems  should  not  be  viewed 
as  a  primary  solution  to  the  aircraft  ground  icing  prob¬ 
lem.  However,  such  systems  can  be  useful  in  a  comple¬ 
mentary  role  to  normal  ground  deicing  procedures. 


Chairman: 


GROUND  DEICING  AND  ANTI-ICING  SYSTEMS 


Working  Group  2 


THOMAS  J.  BROWNE 
Air  Transport  Association 
of  America 

Co-Chairman: 

LEONARD  E.  MUDO 

FAA 


Working  Group  2 
Ground  Deicing  and 
Anti  Icing  Systems 


INTERNA  TIONAL  CONFERENCE 
on 

AIRPLANE  GROUND  DEICING 


°  This  conference  has  been  an  invaluable  forum  for  gathering 
information  which  will  be  used  to  establish  an  industry-wide 
plan  to  resolve  the  aircraft  deicing  issues. 


Chairman: 

THOMAS  J.  BROWNE 
Air  Transport  Association 
of  America 

Co-Chairman: 

LEONARD  E.  MUDD 

FAA 


Working  Group  2 
Ground  Deicing  and 
Anti-Icing  Systems 
continued 


INTERNATIONAL  CONFERENCE 
on 

AIRPLANE  GROUND  DEICING 


0  The  interest  of  national  safety  and  efficiency  demands  better 
coordination  of  efforts  underway  by  numerous  associations, 
committees  and  ad  hoc  groups  simultaneously  seeking  solutions  to 
the  aircraft  deicing  issues. 


INTERNATIONAL  CONFERENCE 
on 

AIRPLANE  GROUND  DEICING 

0  Working  Group  2  recommends  that  FAA  sponsor  a  permanent 
national/international  aviation  industry  winter  operations  working 
group  to  place  emphasis  on  deicing  issues.  This  group  should 
include  expert  representatives  from  the  airlines,  airports,  pilots 
groups,  aircraft/equipment/fluid  manufacturers,  and  the  government 
and  industry  research  establishments,  and  would  serve  as  a  clearing 
house  for  all. 


104 


Chairman: 
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on 

AIRPLANE  GROUND  DEICING 


0  Airports  subject  to  significant  operational  delays  or  long  taxiing 
distances  should,  in  conjunction  with  the  users,  local  ATC  and  the 
airport  operator,  continue  to  develop  aircraft  deicing/anti-icing  plans. 


THOMAS  J.  BROWNE 
Air  Transport  Association 
of  America 

Co-Chairman: 

LEONARD  E.  MUOD 

FAA 


Working  Group  2 
Ground  Deicing  and 
Anti-Icing  Systems 
continued 


INTERNA TIONAL  CONFERENCE 
on 

AIRPMNE  GROUND  DEICING 


°  Each  airport  is  unique  and  the  decision  on  gate  versus  remote 
deicing  or  a  combination  thereof  should  be  made  by  the  previously 
recommended  airport  user  group. 


Chairman: 

THOMAS  J.  BROWNE 
Air  Transport  Association 
of  America 

Co-Chairman: 

LEONARD  E.  MUDD 

FAA 


Working  Group  2 
Ground  Deicing  and 
Anti-Icing  Systems 
continued 


INTERNATIONAL  CONFERENCE 
on 

AIRPLANE  GROUND  DEICING 

0  Airports  that  have  developed  plans  for  deicing  and  improved 
aircraft  operations  in  snow  and  icing  conditions,  but  require  time  1) 
to  complete  construction  of  environmentally  acceptable  permanent 
deicing  locations/facilities  and  2)  to  consider  and  reexamine  plans, 
using  best  management  practices,  based  full  appreciation  of  the 
factors  now  understood  to  bear  on  the  success  of  the  sustem,  may 
need  assistance  from  the  appropriate  environmental  regulatory 
authorities  in  obtaining  waivers/extensions/exemptions. 


INTERNATIONAL  CONFERENCE 
on 

AIRPLANE  GROUND  DEICING 


°  Runway  friction  is  a  concern  that  needs  further  evaluation. 

-  Specific  guidance  and  exact  data  on  the  actual  performance 
under  winter  operations  of  the  several  types  of  aircraft 
deicing/anti-icing  fluid  should  be  pursued. 

-  Runways  must  be  maintained  to  existing  FAA  criteria  with 
'special  attention  to  rubber  build  up  and  microtexture  conditions 

prior  to  winter  operations. 

-  Concern  has  been  expressed  that  use  of  Type  II  fluid  on 
aircraft  may  create  unsafe  runway  conditions. 

-  Since  all  aircraft  deicing  fluids  contain  glycol,  as  do  most 
runway  deicers.  Type  II  may  be  used  exercising  normal  caution. 


106 


INTERNATIONAL  CONFERENCE 
on 

AIRPLANE  GROUND  DEICING 


Federal  funding  for  deicing  and  recycling  facilities,  if  a  specific 
site  is  determined  to  be  eligible,  should  be  given  top  priority  as  a 
safety  item. 

0  Legislative  efforts  should  be  initiated  to  make  these  facilities 
eligible  for  a  100%  matching  share. 


Chairman: 

THOMAS  J.  BROWNE 
Air  Transport  Association 
of  America 

Co-Chairman: 

LEONARD  E.  MUDO 

FAA 


Working  Group  2 
Ground  Deicing  and 
Anti-Icing  Systems 
continued 


INTERNATIONAL  CONFERENCE 
on 

AIRPLANE  GROUND  DEICING 

It  is  recognized  that  it  is  important  to  establish  optimal  ATC 
procedures  for  safe  operations  in  adverse  weather  conditions. 

The  capability  and  willingness  of  the  air  traffic  control  system  to 
be  an  active  player  in  providing  expedited  handling  of  deiced 
aircraft,  and  the  limits  of  what  ATC  can  do,  need  to  be  established. 
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Working  Group  2 
Ground  Deicing  and 
Anti-Icing  Systems 
continued 


RUNWAY  FRICTION 
Discussion 


Area  of  Consideration:  The  design,  location,  and 
environmental  aspects  of  aircraft  ground  deicing 
and  anti-icing  facilities  systems,  including  fluids 
and  their  effect  on  airport  design. 

ORGANIZATION 

Discussion 

Working  Group  Two  concluded  that  improved  coordi¬ 
nation  between  the  various  associations,  committees, 
and  ad  hoc  groups  seeking  solutions  to  aircraft  deicing 
issues  is  necessary. 

Recommendation 

To  accomplish  this,  the  FAA  should  sponsor  a  perma¬ 
nent  national  and  international  aviation  industry  win¬ 
ter  operations  working  group.  Such  an  assembly  of 
experts  should  include  representatives  from  airlines, 
airports,  pilots’ groups,  aircrafl/equipmenl/fluid  manu¬ 
facturers,  and  government  and  industry  research  es¬ 
tablishments.  Airports  subject  to  significant  opera¬ 
tional  delays  or  long  taxi  distances  should  continue  to 
develop  aircraft  anti-icing  plans.  Such  plans  should  be 
formulated  in  conjunction  with  the  users,  local  air 
traffic  controllers,  and  airport  operators.  Decisions  on 
whether  to  conduct  deicing  at  the  gate  or  a  more 
remote  area,  or  a  combination  of  the  two,  should  be 
made  at  the  local  airport  user  group. 

ENVIRONMENTAL  ISSUES 
Discussion 

Environmental  concerns  dictate  that  glycol  and  other 
effluent  runoff  is  a  problem  that  requires  further 
study.  The  local  level  may  be  the  appropriate  forum  for 
such  deliberation. 

Recommendation 

Airports  that  have  developed  deicing  plans  for  im¬ 
proved  operations  in  snow  and  icing  conditions  may 
require  waivers,  extensions,  or  exemptions  from  the 
appropriate  environmental  regulatory  authorities.  This 
may  be  necessary  to  complete  construction  of  perma¬ 
nent  deicing  facilities  which  are  compatible  with 
environmental  concerns. 


Specific  guidance  and  data  should  be  pursued  on  the 
performance  of  deicing  and  anti-icing  fluids  under 
winter  operations.  Some  group  members  expressed 
concern  that  type  11  fluids  may  create  unsafe  runway 
conditions. 


1.  Runways  should  be  maintained  to  existing  FAA 
criteria,  with  special  consideration  given  to  rubber 
accumulation  and  microtexture  conditions  prior  to 
winter  operations.  The  FAA  should  support  re¬ 
search  into  the  effects  of  type  II  deicing  fluid  on 
runway  friction.  As,  under  normal  conditions,  fric¬ 
tion  measurements  should  be  conducted  periodi¬ 
cally  by  airport  operators.  Since  all  aircraft  deicing 
fluids  contain  glycol,  as  do  most  runway  deicers, 
Type  II  may  be  used  exercising  normal  caution. 

2.  If  a  specific  deicing  and  recycling  facility  is  eligible, 
the  acquisition  of  federal  funding  should  be  given 
top  priority.  Legislative  efforts  should  be  initiated 
to  render  such  facilities  eligible  for  a  100  percent 
matching  share. 

3.  It  is  important  to  establish  optimal  Air  Traffic  Con¬ 
trol  (ATC)  proceduresforsafe  operations  in  adverse 
weather  conditions.  The  capability  and  willingness 
of  the  ATC  system  to  be  an  active  participant  in  the 
expedited  handling  of  deiced  aircraft,  and  the  limits 
of  what  ATC  can  do,  need  to  be  established. 


Recommendations 
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AIR  TRAFFIC  CONTROL  AND  SEQUENCING 


Working  Group  3 


Chairman: 
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Air  Transport  Association 

of  America 

Co-Chairmen: 
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and 

L.  LANE  SPECK 
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-  Working  Group  3 

Air  Traffic  Control  and  Sequencing 

RECOMMENDATIONS  OF  THE  AIR  TRAFFIC  CONTROL 
AND  SEQUENCING  WORK  GROUP  -  WORK  GROUP  3 

RECOMMENDED  LOCAL  DEICING  PROCEDURES 

The  Federal  Aviation  Administration  (FAA)  Administrator 
should  direct  the  establishment  of  local  deicing  plans  at 
appropriate  airports.  The  plans  should  be  ready  for 
implementation  by  October  1,  1992.  This  is  an  ongoing 
process  and  the  plans  must  be  reviewed  and  updated  annually. 

a.  The  airport  deicing  plan  should  be  a  cooperative 
effort  with  the  airport  operator,  airport  traffic  control 
tower,  and  airport  users  participating  in  the  development  of 
the  plan. 

b.  The  deicing  plan  should  consider  the  following: 

(1)  Long  term  planning  for  technological  resolutions 
to  deicing  problems. 

(2)  Strategies  for  the  airport  operator,  airport 
users,  and  air  traffic  control  during  periods  when  aircraft 
deicing  is  required. 
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Co-Chairmen: 
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RECOMMENDATIONS  OF  THE  AIR  TRAFFIC  CONTROL 
AND  SEQUENCING  WORK  GROUP  -  WORK  GROUP  3 

RECOMMENDED  LOCAL  DEICING  PROCEDURES  (CONTINUED) 

(3)  Standardized  departure  rates  under  varying 
icing  conditions. 

(4)  Allocation  of  available  departure  capacity  to 
individual  carriers. 

(5)  Secondary  deicing  and  aircraft  inspection  if 
appropriate. 

(6)  Balance  airport  flow  to  accommodate  airport 
demand  which  includes  consideration  for  departure 
requirements  during  icing  conditions. 

(7)  Environmental  issues  as  they  relate  to  deicing. 

(8)  A  triggering  mechanism  to  implement  the  deicing 

plan. 


Working  Group  3 
Air  Traffic  Control  and  Sequencing 
continued 


RECOMMENDATIONS  OF  THE  AIR  TRAFFIC  CONTROL 
AND  SEQUENCING  WORK  GROUP  -  WORK  GROUP  3 

RECOMMENDED  LOCAL  DEICING  PROCEDURES  (CONTINUED) 

(9)  Develop  airport  surface  flow  strategies  that  take 
into  account  deicing  locations  and  minimizing  times  between 
deicing  and  takeoff. 

(10)  Coordination,  communication,  and  feedback  between  the 
parties  included  in  the  plan. 


RECOMMENDED  NATIONAL  DEICING  PROCEDURES 

1.  The  air  carrier  is  responsible  for  the  selection  and 
application  of  hold  over  times. 

2.  Airports  experiencing  deicing  operations  should  not  be 
subject  to  the  Enroute  Spacing  Program. 

3.  The  Air  Traffic  Control  System  Command  Center,  upon 
notification,  should  provide  support  to  airports  where  icing 
conditions  exist. 
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RECOMMENDATIONS  OF  THE  AIR  TRAFFIC  CONTROL 
AND  SEQUENCING  WORK  GROUP  -  WORK  GROUP  3 


RECOMMENDED  NATIONAL  PROCEDURES  (CONTINUED) 

4.  The  FAA  should  develop  a  detailed  recurrent  training 
program  on  icing  and  deicing  for  air  traffic  controllers. 

The  program  should  place  emphasis  on  icing  conditions, 
traffic  management,  minimizing  delays  at  the  runway 
departure  queue,  and  local  airport  deicing  plans. 

5.  The  FAA  should  continue  to  support  the  research  and 
development  of  new  and  improved  weather  products  by  the 
National  Center  for  Atmoshperic  Research.  Specifically,  the 
research  and  development  of  the  Icing  Forecast  Improvement 
Program. 


JOHN  R.  RYAN 

Air  Transport  Association 

of  America 

Co-Chairmen: 

STANLEY  E.  MATTHEWS 

FAA 

and 

L.  LANE  SPECK 

FAA 


Working  Group  3 

Air  Traffic  Control  and  Sequencing 
continued 


Chairman: 

JOHN  R.  RYAN 
Air  Transport  Association 
of  America 

Co-Chairmen: 

STANLEY C.  MATTHEWS 

FAA 

and 

L.  LANE  SPECK 

FAA 


Working  Group  3 
Air  Traffic  Control  and  Sequencing 
continued 


Area  of  Consideration:  The  procedures  and  com¬ 
munications  that  exist  between  airline  deicing  op¬ 
erations,  airport  operations,  and  FAA  ATC.  Weather 
information  and  its  dissemination  were  also  topics 
of  discussion, 

LOCAL  RECOMMENDATIONS 
Discussion 

Working  Group  Three  suggests  that,  the  solution  to 
solving  the  deicing  problem  lies  at  the  local  level.  The 
initiative  to  develop  deicing  plans  should  involve  the 
air  traffic  control  tower,  airport  users,  airlines,  general 
aviation,  airport  operators,  and  fixed-base  operators. 
Such  deicing  plans  should  consider  long-term  plan¬ 
ning  for  technical  resolutions  to  deicing  problems.  It 
is  essential  to  have  strategies  for  the  airport  operator, 
users,  and  ATC  when  airplanes  must  be  deiced.  Be¬ 
cause  solutions  must  be  initiated  at  the  local  level, 
variables  such  as  the  ava  ilability  of  secondary  deicing 
and  whether  aircraft  inspection  is  necessary,  must  be 
considered  in  developing  the  plan. 

Often,  it  may  be  the  airport  operator  who  initiates  the 
deicing  plan.  Environmental  issues  and  airport  sur¬ 
face  flow  strategies  must  be  taken  into  consideration. 
The  deicing  plan  should  also  contain  a  critique  mecha¬ 
nism,  which  is  particularly  important  with  the  imple¬ 
mentation  of  an  initial  deicing  plan. 

Recommendation 

Establish  local  deicing  plans  at  appropriate  airports. 
The  plans  should  be  ready  for  implementation  by 
October  1, 1992  and  must  be  reviewed  annually. 

NATIONAL  DEICING  PROCEDURES 
Discussion 

The  consensus  is  that  the  air  carrier  —  not  the  FAA 
and  ATC,  is  responsible  for  the  explicit  management  of 
individual  airplanes  and  their  holdover  times. 

Recommendations 

1.  Airports  experiencing  deicing  operations  should 
not  be  subject  to  the  enroute  spacing  program.  The 
ATC  system  command  center  should  be  notified 
when  a  deicing  program  goes  into  effect,  in  order  to 
provide  support. 


2.  The  FAA  needs  to  develop  a  training  program  on 
icing  and  deicing,  which  can  form  the  basis  for 
heightened  awareness  of  air  traffic  controllers. 

3.  A  final  recommendation  suggests  that  the  FAA 
continue  to  support  research  into  the  icing  forecast 
program  using  the  WSR-88  doppler  radar. 

FAA  RESPONSE 
Discussion 

The  FAA  Office  of  Air  Traffic  System  Management 
(ATM)  and  the  Air  Traffic  Rules  and  Procedures  Ser¬ 
vice  (ATP),  are  preparing  several  actions  in  response 
to  Working  Group  Three  recommendations.  Tim;  nil1 
issue  guidance  for  air  traffic  field  facilities  to  use  when 
developing  local  traffic  management  procedures  for 
airplane  deicing  operations.  Guidance  will  include 
strategies  that  aggressively  manage  departure  runway 
queues  and  minimize  the  time  an  aircraft  spends  on 
the  ground  after  being  deiced.  There  also  will  be 
guidelines  for  establishing  revised  airport  departure 
rates  and  as  appropriate,  allocation  of  available  depar¬ 
ture  slots  when  reduced  departure  rates  occur  be¬ 
cause  of  deicing. 

The  Air  Traffic  Control  System  Command  Center 
(ATCSCC)  will  develop  guidelines  for  providing  addi¬ 
tional  assistance  to  airports  experiencing  icing  condi¬ 
tions.  The  new  guidelines  will  include  alternative 
traffic  management  initiatives  that  consider  deicing 
operations. 

The  Office  of  Air  Traffic  Program  Management  (ATZ) 
will  support  the  efforts  of  ATM,  ATP,  and  the  ATCSCC 
by  preparing  national  training  requirements  for  these 
enhanced  deicing  procedures.  ATZ  will  also  prepare 
for  national  distribution  materials  that  increase  con¬ 
troller  awareness  and  sensitivity  toward  icing  condi¬ 
tions  and  the  importance  of  deicing  operations. 
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INTERNATIONAL  AIRCRAFT 
GROUND  DEICING  CONFERENCE 

TECHNICAL  PANEL  MEMBERS 


I.  DEICING/ANTI-ICING  FLUIDS  AND  HOLDOVER  TIMES 

•  Mike  Jarrell  Union  Carbide 

•  Foster  Ross  Kilfrost 

•  Murray  Kuperman  United  Airlines 

•  Barry  Myers  Transport  Canada 


II.  DEICING/ANTI-ICING  PROCEDURES  AND  GROUND-TO- 
COMMUNICATIQNS 


U we  Rummelmann 
Gary  Bradley 
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Brian  Jenson 
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United  Airlines 
Japan  Air  Lines 
Air  Canada 
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•  Uwe  Rummelmann 
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Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued 


INTERNATIONAL  AIRCRAFT 
GROUND  DEICING  CONFERENCE 
Working  Group  4.  Deicing  Personnel,  Proceoures,  and  Training 


CONCLUSIONS 

•  ADOPT  THE  USE  OF  ARP  4737  AS  A  GUIDELINE  FOR  AIRCRAFT 
DEICING/ANTI-ICING  METHODS  WITH  FLUIDS  FOR  LARGE 
TRANSPORT  AIRCRAFT. 

•  ARP  4737  HOLDOVER  RANGE  GUIDELINES  SELECTED  DURING 
FREEZING  PRECIPITATION  SHOULD  BE  USED  ONLY  IN 
CONJUNCTION  WITH  A  PRE-TAKEOFF  INSPECTION  LOCATED 
NEAR  THE  DEPARTURE  RUNWAY,  IF  THE  GUIDELINES  ARE 
EXCEEDED. 


•  ADOPT  THE  USE  OF  HOLDOVER  RANGE  GUIDELINES  FOR  BOTH 
TYPE  I  DEICING  FLUIDS  AND  TYPE  II  ANTI-ICING  FLUIDS. 


•  COMMUNICATIONS  FROM  GROUND-TO-COCKPIT  ARE  TO  INCLUDE: 
TYPE  FLUID,  CONCENTRATION  AND  TIME  THE  APPLICATION 


STARTED,  i.e., 

■ 

Type  II  - 

100/0  -  1900 

or... 

■ 

Type  1 

-  50/50  -  2100 

INTERNATIONAL  AIRCRAFT 
GROUND  DEICING  CONFERENCE 
Working  Group  4.  Deicing  Personnel,  Procedures,  and  Training 


CONCLUSIONS  (Continued...) 

•  GROUND  PERSONNEL  THAT  PERFORM  THE  DEICING  AND 
ANTI-ICING  PROCEDURES  AND  PERFORM  THE  AIRCRAFT 
INSPECTIONS  MUST  BE  TRAINED,  QUALIFIED,  AND  TESTED 
ON  AN  ANNUAL  BASIS. 


•  INDUSTRY  CAPABILITY  TO  RETROFIT/PRODUCE  DE-ICING/ 
ANTI-ICING  EQUIPMENT  TO  AFFORD  TYPE  II  CAPABILITIES 
BY  OCTOBER  1,  1992,  IS  LIMITED  BY  AVAILABILITY  OF 
EQUIPMENT  AND  ENVIRONMENTAL  PERMITS. 


•  MINIMUM  TRAINING  REQUIREMENTS  ARE  TO  INCLUDE  THE 
AREAS  COVERED  IN  ARP  4737. 
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INTERNATIONAL  AIRCRAFT 
GROUND  DEICING  CONFERENCE 
Working  Group  4.  Deicing  Personnel,  Procedures,  and  Training 

CONCLUSIONS  (Continued...) 


AGGRESSIVELY  CONTINUE  THE  REFINEMENT  OF  HOLDOVER 
TIME  RANGES  IN  UNISON  WITH  NOW-WEATHER  CASTING 
ON  THE  AMOUNT  OF  WATER  CONTENT  IN  FREEZING 
PRECIPITATION. 

HOLDVER  TIME  RANGES  SHOULD  BE  USED  AS  AN 
OPERATIONAL  PLANNING  GUIDELINE  FOR  THE  COCKPIT 
CREW 


American  Airlines 


Co-Chairman: 


FREDERICK  J.  LEONELLI 


FAA 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued 
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Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued 


Area  of  Consideration:  Application  procedures, 
training,  and  communication  responsibilities  of 
deicing  personnel. 

Discussion 

Working  Group  Four  provided  information  on  the  new 
generation  of  fluids  and  their  holdover  time  guide¬ 
lines,  deicing  and  anti-icing  procedures,  ground-to- 
eockpit  communications,  ground  personnel  training 
on  fluids,  handling  requirements  and  application 
procedures. 

Recommendations 

A  group  consensus  was  reached  on  nine  recommen¬ 
dations: 

1 .  Adopt  the  use  of  ARP  4737  as  a  guideline  for  deicing 
and  ant  i-icing  methods  for  large  transport,  aircraft. 

2.  ARP  4737  holdover  guidelines  during  freezing  pre¬ 
cipitation  should  only  be  used  in  conjunction  with  a 
pre-takeoff  inspection  neat  the  departure  runway, 
if  the  guidelines  are  exceeded. 

3.  Holdover  range  guidelines  should  be  adopted  for 
both  type  I  deicing  fluids  and  type  II  anti-icing 
fluids. 

4.  Communications  from  ground  to  cockpit  should 
include  the  type  of  fluid,  concentration,  and  time  of 
application. 


5.  Ground  personnel  performing  deicing,  anti-icing, 
and  aircraft  inspections  must  lie  trained,  qualified, 
and  tested  annually. 

6.  Industry  capability  to  retrofit  deicingand  anti-icing 
equipment  to  achieve  type  II  capabilities  by  Octo¬ 
ber,  1992  is  limited  by  the  availability  of  equipment 
and  environmental  permits. 

7.  Minimum  trainingrequirementsshould  include  the 
areas  covered  in  ARP  4737. 

8.  Aggressively  continue  the  refinement  of  holdover 
time  ranges  in  unison  with  NOW  weathercasting 
and  the  amount  of  water  content  in  freezing 
precipitation. 

9.  It  is  extremely  important  that  holdover  time  ranges 
be  used  as  an  operational  planning  guideline  for  the 
cockpit  crew. 


I'.  :  ■  R  K  ;  rj  G  GROUP  CONCLUSIONS  WORKING  GROUP  5 


ICE  DETECTION  AND  RECOGNITION 
AND  CREW  TRAINING 


Working  Group  5 


Chairman: 

JOSEPH M.  SCHWIND 
Air  Line  Pilots  Association, 

International 

Co-Chairman: 

LOUIS  C.  CUSiMANO 

FAA 


Working  Group  5 

Ire  Detection  and  Recognition 

and  Crew  Training 


INTERNATIONAL  CONFERENCE  ON 
AIRPLANE  GROUND  DEICING 

WORKING  GROUP  5  RECOMMENDATIONS 


•  EACH  AIR  CARRIER  SHALL  HAVE  AN  APPROVED 
AIRCRAFT  DEICING  PLAN  WHICH  WILL  ASSURE 
THAT  EACH  AIRCRAFT  TAKING  OFF  IS  IN  FULL 
COMPLIANCE  WITH  THE  CLEAN  AIRCRAFT 
CONCEPT  INCLUDING  THE  USE  OF  TIME 
TABLES  AS  GUIDELINES,  PRE-TAKEOFF 
INSPECTIONS,  AND  IMPROVED  TRAINING 
PROGRAMS  FOR  PILOTS  AND  GROUND 
PERSONNEL. 
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LOUIS  C.  CL'SiMANO 


FAA 


Working  Group  5 
Ice  Detection  and  Recognition 
and  Crew  Training 
con  I  in  iu>(t 


5.  A  NATIONAL  FOCAL  POINT  ON  GROUND 
DEICING  ACTIVITIES  IS  NEEDED. 

8.  A  DEICING  TRAINING  PROGRAM  LIKE  THE 
"WINDSHEAR  TRAINING  AID"  SHOULD  BE 
DEVELOPED  BY  THE  INDUSTRY  AND 
GOVERNMENT. 


CONSENSUS  ITEMS 

1.  CARRIER  SHOULD  ILAvK  APPROVED  PROGRAM 
FOR  GROUND  DEICING. 

2.  CARRIER  SHOULD  HAVE  A  COMPREHENSIVE 
TRAINING  PROGRAM  FOR  FLIGHT  CREW 
MEMBERS. 

3.  HOLDOVER  TIME  TABLES  SHOULD  BE 
AVAILABLE  FOR  GUIDELINE  USE. 

4.  ADDITIONAL  RESEARCH  NEEDED  ON 
HOLDOVER  TIMES  AND  ASSOCIATED 
VARIABLES. 
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Chairman: 


JOSEPH  M.  SCHWIND 


Air  Line  Pilots  Association, 


International 


NON-CONSENSUS  ITEMS 


Co-Chairman: 


1.  DEFINITION  AND  USE  OR  REQUIREMENT  FOR  A 
"PRE-TAKEOFF'  INSPECTION. 


LOUIS  C.  CUSIMANO 


Working  Group  o 
Ice  Detection  and  Recognition 
and  Crew  Training 
continued 


WHEN  FREEZING  PRECIPITATION  IS  FALLING,  A 
PRE-TAKEOFF  INSPECTION,  AS  CURRENTLY 
RECOMMENDED  BY  FAA  ADVISORY  CIRCULAR  AC 
20-117,  SHALL  BE  CONDUCTED. 
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THE  PRE-TAKEOFF  INSPECTION  MAY  BE 
CONDUCTED  BY  THE  FLIGHT  CREW  FROM  INSIDE 
THE  AIRCRAFT,  EXCEPT  THAT  THE  FLIGHT  CREW 
MUST  BE  ASSISTED  FROM  OUTSIDE  THE 
AIRCRAFT  BY  A  LICENSED  AIRMAN  IF: 


Working  Group  5 
Ice  Detection  and  Recognition 
and  Crew  Training 
cmdinued. 


1)  REQUESTED  BY  THE  FLIGHT  CREW. 

2)  THE  CONFIGURATION  OF  THE  AIRCRAFT 
MAKES  IT  IMPOSSIBLE  FOR  THE  FLIGHT  CREW 
TO  ADEQUATELY  INSPECT  THE  AIRCRAFT 
FROM  THE  COCKPIT  OR  CABIN. 


Chairman: 


3)  IN  CONDITIONS  OF  LIGHT  PRECIPITATION,  THE 
UPPER  TIME  LIMIT  OF  THE  SAE/ISO  HOLDOVER 
TIME  TABLES  HAS  BEEN  EXCEEDED. 

4)  IN  CONDITIONS  OF  MODERATE  OR  HEAVY 
PRECIPITATION,  THE  LOWER  TIME  LIMIT  OF 
THE  SAE/ISO  HOLDOVER  TIME  TABLES  HAS 
BEEN  EXCEEDED. 


JOSEPH M.  SCHWIND 
Air  Line  Pilots  Association, 
International 

Co-Chairman: 

LOUIS  C.  CUSIMANO 

FAA 


Working  Group  5 
Ice  Detection  and  Recognition 
and  Crew  Training 
continued 


THE  PRECIPITATION  CONDITIONS  SHALL  BE 
THOSE  CONTAINED  IN  A  TIMELY  OFFICIAL 
WEATHER  REPORT  TAKEN  AT  THE  AIRPORT. 


Chairman: 


JOSEPH  M.  SCHWIND 
Air  Line  Pilots  Association, 
International 

Co-Chairman: 
LOUIS  C.  CUSIMANO 

FAA 


Working  Group  5 
ice  Detection  and  Recognition 
and  Crew  Training 
continued. 


•  FLIGHT  CREW  MEMBERS  SHALL  RECEIVE 
INITIAL  AND  RECURRENT  TRAINING  ON 
AIRCRAFT  GROUND  DEICING  SUBJECTS 
INCLUDING,  BUT  NOT  LIMITED  TO,  THE 
FOLLOWING: 


•  A  GROUND  DEICING  TRAINING  PROGRAM  - 
ALONG  THE  LINES  OF  THE  FAA  APPROVED 
WIND  SHEAR  TRAINING  AID  -  SHOULD  BE 
DEVELOPED  BY  AN  INDUSTRY  COOPERATIVE 
EFFORT. 


•  ADDITIONAL  RESEARCH  TO  FURTHER  REFINE 
AND  VALIDATE  HOLDOVER  TIMES  AND 
PREDICTION  METHODOLOGY/PHYSICS  SHOULD 
BE  PURSUED  ON  AN  EXPEDITED  BASIS. 


Chairman: 

JOSEPH  M.  SCHWIND 
Air  Line  Pilots  Association, 
International 

Co-Chairman: 

louis  c.  cusima::o 

FAA 


Working  Group  5 
Ice  Detection  and  Recognition 
and  Crew  Training 
continued 
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Working  Group  5 
Ice  Detection  and  Recognition 
and  Crew  Training 
continued 


Area  of  Consideration:  The  area  of  consideration 
encompassedpilot  detection  of the formation  of  ice  cm 
airplane  parts,  and  the  resulting  crew  training  and 
humanfaetors considerations.  Thedevelopmentamd 
implementation  of  holdover  times  teas  also  considered. 

Recommendations 

1.  Each  air  carrier  should  have  an  approved  deicing 
plan  that  will  ensure  that  each  aircraft  is  in  full 
compliance  with  the  clean  aircraft  concept  upon 
takeoff.  The  plan  should  include  timetables  which 
represent  guidelines,  pre-takeoff  inspections,  and 
improved  training  programs  for  pilots  and  ground 
crew  personnel.  Additional  research  is  needed  on 
holdover  times  and  associated  variables.  Further¬ 
more,  a  national  focal  point  on  ground  deicing 
activities  is  called  for.  Industry  and  government 
should  develop  a  deicing  training  program  like  the 
“Windshear  Training  Aid.” 

2.  Working  Group  Five  did  not  reach  a  consensus  on 
how  or  when  the  pre-takeoff  inspection  should  be 
conducted,  although  there  was  agreement  that  its 
existence  is  warranted.  The  flight  crew  may  con¬ 
duct  the  pre-takeoff  inspection  from  inside  the 
aircraft.  If  the  configuration  of  aircraft  makes  it 
impossible  for  adequate  inspection,  the  crew  must 
be  assisted  from  the  outside  by  a  licensed  airman. 


3.  In  light  precipitation,  the  flight  crew  must  be  as¬ 
sisted  if  the  upper  limit  of  the  SAE/1SO  holdover 
timetables  is  exceeded.  In  moderate  or  heavy  pre¬ 
cipitation,  the  flight  crew  must  be  assisted  if  the 
lower  limit  of  the  SAE/ISO  holdover  timetables  is 
exceeded.  “Precipitation"  conditions  shall  be  those 
contained  in  a  timely  and  official  weather  report 
taken  at  the  airport. 

4.  Working  Group  Five  also  suggested  that  flight  crew 
members  receive  initial  and  recurrent  training  on 
aircraft  ground  deicing  subjects,  as  defined  by  a 
winter  operations  group.  Holdover  times  and  pre¬ 
diction  methodology  physics  require  further  research. 
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CLOSING 


REMARKS 


Reston,  Virginia 
May  28  -  29, 1.992 


Associate  Administrator  Broderick  closed  the 
conference  by  offeringasummaiy  ofwhat  he  felt 
were  the  important  issues: 

WORKING  GROUP  1 

•  There  is  a  difference  between  hard  wings  and  slat¬ 
ted  wings,  though  neither  type  should  be  approved 
for  take-off  with  wing  contamination. 

•  Continue  to  stress  the  “keep-it-clean”  philosophy. 
Continue  to  review  hard  wing  performance  as  called 
for,  with  an  eye  toward  understanding  and  refining 
our  performance  limitations. 

•  Promote  the  use  of  type  II  fluids  and  their  continued 
refinement  Adopt  the  aerodynamic  acceptance  test 

•  Thermal  anti-icing  systems  are  not  useful  as  the 
primary  anti-ice  system,  as  they  do  not  provide  a  com¬ 
plete  solution  to  the  problems  we  have  encountered. 

WORKING  GROUP  2 

•  The  FAA  should  sponsor  a  permanent  forum  on 
deicing,  using  the  SAE  as  the  focal  point  for  this 
activity. 

•  Environmental  issues  need  to  be  addressed  in  part¬ 
nership  with  local  environmental  authorities. 

•  The  effectsof  type  II  deicingfluidon  runwayfriction 
is  an  issue  that  requires  further  research. 

WORKING  GROUP  3 

•  The  Administrator  should  direct  the  establishment 
of  local  deicing  plans  at  appropriate  airports. 

•  A  consensus  should  be  reached  on  a  triggering 
mechanism  to  start  local  deicingprocedures,  so  that 
local  optimized  flow  procedures  can  be  initiated. 

•  Local  weather  situations  should  be  accounted  for, 
in  terms  of  the  Enroute  Spacing  Program. 


WORKING  GROUP  4 

•  Adopt  the  SAE  holdover  times  as  guidelines  to  be 
used  in  concert  withapre-takeoffinspection.  Apre- 
takeoff  inspection  is  necessary' when  the  guidelines 
are  exceeded. 

•  Refine  our  understanding  of  holdover  times  and 
how  they  affect various  airplanes  in  different  situations. 

•  Use  SAE  ARP  4737  as  one  aspect  of  deicing  crew 
training. 

WORKING  GROUP  5 

•  Each  airline  should  be  required  to  have  an  approved 
deicing  plan. 

•  Pilot  and  ground  crew  training  on  the  proper  use  of 
holdover  times  is  important.  A  training  program 
similar  to  the  “Windshear  Training  Aid”  should  be 
developed. 

•  There  is  a  consensus  on  the  need  for  pre-takeoff 
inspections.  No  consensus  has  been  reached  on 
what  they  should  consist  of  or  how  they  should  be 
implemented. 

At  the  close  of  the  conference,  the  FAA  solicited  and 

received  additional  comments.  The  FAA  has  consid¬ 
ered  these  additional  comments  in  developing  future 

action. 
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FAA 

FUTURE 

ACTION 


Reston,  Virginia 
May  28 -29, 1992 


FAA 


U.S.  Department  of 
Transportation 


News: 


Office  of  the  Assistant  Secreuiy  for  PuWe  AHaits 
Wasningtoo  O.C.  20590 


Announces 


Action  To 


Prevent  Ice 


On  Aircraft 


FOR  RELEASE  TUESDAY  FAA  36-92 

July  21,  1992  Contact:  Fred  Farrar 

Tel. i  (202)  267-8521 


FAA  ANNOUNCES  ACTION 
TO  PREVENT  ICE  ON  AIRCRAFT 

The  Federal  Aviation  Administration  (FAA)  today  spelled  out  the 
action  it  proposes  to  take  to  minimize  the  risk  of  accidents  caused  by 
snow  and  ice  buildup  on  the  wings  of  aircraft  waiting  to  taka  off. 

The  agency  said  that  before  Oct.  15,  it  will  put  into  effect  a 
vide  range  of  suggestions  made  by  five  panels  of  experts  at  the 
International  Conference  on  Airplane  Ground  Deicing  held  on  May  28  and 
29. 

"The  FAA  has  moved  quickly  to  fulfill  the  commitment  made  by 
Transportation  Secretary  Andrew  Card  at  the  international  conference  to 
deal  effectively  with  the  deicing  problem,*  FAA  Administrator  Thomas  C. 
Richards  said. 

The  most  Important  action  is  the  proposed  adoption  of  a  new 
regulation  requiring  each  airline  to  have  an  FAA-approved  ground  deicing 
plan  in  place  by  next  winter.  A  Notice  of  Proposed  Rulemaking  will  be 
published  later  this  week  with  a  15-day  comment  period. 

"The  proposed  rule,"  said  Richards,  "would  require  airlines  to 
provide  training  for  pilots  and  other  personnel  on  the  detection  of  wing 
ice  and  provides  for  the  establishment  of  limits  on  how  long  an  airplane 
can  be  exposed  to  snow  or  freezing  rain  before  it  has  to  be  inspected  or 
deiced  again." 

The  FAA  said  it  also  will  change  operational  procedures  for 
controlling  the  flow  of  aircraft  on  the  ground  to  reduce  the  time 
aircraft  have  to  wait  in  line  for  takeoff  after  being  deiced. 

One  way  to  do  this  is  for  the  air  traffic  controllers  to  tall  the 
crew  of  an  aircraft  the  time  it  can  expect  to  be  cleared  to  taxi  and 
taka  off.  Then  the  crew  can  wait  until  just  before  that  time  to  have 
the  aircraft  deiced. 


-more- 
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The  agency  alao  will  aak  the  Society  of  Automotive  Engineers  (SAE) 
to  convert  its  ad  hoc  committee  on  aircraft  ground  deicing  to  a 
permanent  committee  to  serve  aa  a  continuing  international  forum  for  the 
dlacuaaion  of  ground  daicimg  iaauea. 

The  SAE  haa  long  been  active  in  the  airplane  deicing  area  and 
developed  a  landmark  chart  shewing  the  length  of  time  an  aircraft  can 
safely  be  exposed  to  icing  conditions  under  different  temperatures  and 
precipitation  rates. 

The  agency  alao  will  encourage  the  International  Aviation  Snow 
Symposium(  sponsored  by  the  Hortheast  Chapter  of  the  American 
Association  of  Airport  Executives,  to  actively  participate  on  the 
committee . 

In  addition,  the  FAA  will  issue  a  pocket-sized  manual  for  pilots 
entitled,  A  Pilot's  Guide  to  Large  Aircraft  Ground  Deicing,  and  it  will 
update  and  re-isaue  its  Winter  Operations  Guide. 

The  agency  also  Will  encourage  the  use  of  longer-lasting  Type  II 
deicing  fluid,  which  is  widely  used  in  Europe,  is  thicker  and  stays 
effective  longer  than  Type  I.  FAA  officials  said  Type  II  fluid  has  been 
reformulated  to  allay  the  environmental  and  operational  concerns  of  the 
industry . 

The  FAA  will  also  make  available  Airport  ImprovesMnt  Program  funds 
to  help  finance  the  construction  of  deicing  pads  on  taxlways  to  further 
reduce  the  time  between  deicing  and  takeoff. 

In  the  case  of  snow-belt  airports  that  historically  have 
experienced  takeoff  delays  or  have  longer  than  average  taxiing 
distances,  the  FAA  will  encourage  airport,  airline  and  air  traffic 
control  officials  to  get  together  and  develop  a  deicing  plan  tailored  to 
that  airport. 

The  proposed  rule  would  apply  to  passenger  and  cargo  operations 
using  large  jet  aircraft.  With  regard  to  sir  taxis  and  commuter 
airlines  operating  small  aircraft,  the  FAA  vlll  continue  to  monitor 
winter  operations  to  see  if  further  rulemaking  is  necessary. 

The  FAA  will  urge  the  Xnternationsl  Civil  Aviation  Organization  to 
work  with  civil  aviation  authorities  around  the  world  to  adopt  similar 
measures  for  foreign  airlines. 
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A  CORRELATION  OF  THE  EFFECT  OF  WING  SURFACE 
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CRUISE 


CRUISE 


LANDING 


LANDING 


AIRFOIL  CONFIGURATIONS 


CLEAN  AIRFOIL 


MULTIELEMENT 
AIRFOIL  WITH 
SLAT  (ONLY) 
CONTAMINATION 


Leading-Edge  Roughness  Effect  on  Lift 
Characteristics  of  Single-Element  Airfoil 
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Distributed  Roughness  Effects  at 
High  Reynolds  Numbers  on  Maximum  Lift 
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Roughness  Effects  on  Four-Element 
Airfoil  Lift  Characteristics 


RN  =  9x10®,  M0  =  0.20 


Main  Element 


Lift  3.0 

Coefficient, 


o  Clean _ 

ok/c-  0.00007 
A  k/c  =  0.00020 
+  k/c  =  0.00053 
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Angle  of  Attack, 
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Slat  Roughness  Effect  on  Suction  Peaks 
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Effect  Due  to  Leading-Edge  Slat 
Roughness  on  Maximum  Lift 
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Loss  in  Angle  of  Attack  at  Stall  Due 
to  Leading-Edge  Roughness 
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TO  AVOID  ADVERSE  EFFECTS,  WING  LEADING-EDGE  MUST  BE 
KEPT  FREE  OF  ICE  AND  FROST  CONTAMINATION 
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Aerodynamic  Effects  of  Simulated  Ground  Frost 


•  FLIGHT  TEST  BASED 
•r  Simulated  Ground  Frost 


•  CONFIGURATION  VARIABLES 

✓  Takeoff  Flap  Detents 

✓  Ground  TAI 

✓  Autoslat 


•  AERODYNAMIC  PARAMETERS 
«'  Maximum  Lift  Loss 
*  Drag  Increase 


Boeing  Simulated  Frost  Aerodynamic 

Test  Programs 

Model 

Wind  Tunnel  Flight 

•  737-200ADV  ] 

✓  L.  E.  Only 

Autumn  '80 

✓  L.  E.  and  Inspar  Wing.  Ground  TAI 

Mar  '82 

✓  Full  Wing 

Sep  82 

✓  Right  Test  Correlation 

Oct  '82 

✓  L.  E.  Only 

Jun  '83 

•  747-200 

✓  Full  Wing 

Feb  S3 

•  757-200 

✓  L.  E.  and  Full  Wing 

iun  '82 

✓  Full  Wing 

Apr  '83 

•  767-200 

✓  L.  E.  and  Full  Wing 

Nov  '82 

✓  Full  Wing 

Jul  -  Aug  TH 

•  737-300 

✓  Full  Wing  and  Ground  TAI 

Sep '82 

I 

i 

I 


Simulated  Frost  Configuration 


FULL  SLAT  TAI 


737-200ADV 


A-A 
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Effect  Of  Simulated  Frost  On  Maximum  Lift 


Airplane  Group 


Flight  l  ost  Results 

•  Idle  Thrust 

•  Gear  Up 
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Effect  of  Simulated  F cost  oil  Rate  of  Climb 


Flight  Test  Results 

•  One  llngine  Inoperative 

•  Sea  Level,  40'F 

•  Vj  Speed 

•  Gear  Up 

•  @  Average  Test  Weight 


FLAPS  5  FLAPS  15 
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Aerodynamic  Effects  of  Simulated  Ground  Frost 

(  onclusions: 

•  SMALL  LEVELS  OF  SOLID  ROUGHNESS  PRODUCT.  SIGNIFICANT  LOSSES  TO  MAXIMUM 
LIFT 

✓  Leading  edge  contamination  most  critical 

✓  Ground  TAI  provides  small  levels  of  relief 

✓  Stall  may  occur  before  slick  shaker 

•  SMALL  LEVELS  OF  SOLID  ROUGHNESS  CAN  PRODUCE  SIGNIFICANT  REDUCTION  IN  RATE 
OF  CLIMB 

Recommendations: 

•  ONLY  ACCEPTABLE  LEVEL  OF  WING  SOLID  CONTAMINATION  IS  NQ  CONTAMINATION 

•  KEEP  IT  CLEAN 
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Boeing  Calendar  of  Aircraft  Ground  Deicing/Anti-icing 

Fluids  Activities  Status  Reviews 

JULY  13.  1988 

AEA  DEICING/ANTI-ICING  TASK  FORCE  -  HAMBURG 

JULY  21,  1988 

FAA  (NWM  REGION)  SEATTLE 

AUGUST  16-17. 1988 

ATA  AIRCRAFT  GROUND  DEICING/ANTI-ICING  -  MINNEAPOLIS 

AUGUST  25,  1988 

FAA  (HEADQUARTERS)  MEETING  -  WASHINGTON.  D.  C. 

SEPTEMBER  20  -  22,  1988 

SAE/FAA  WINTER  OPERATIONS  CONFERENCE  -  DENVER 

JANUARY  11,  1989 

GERMAN  LBA 

JANUARY  25, 1989 

AIRLINE  MEETING  -  SEATTLE 

FEBRUARY  10,  1989 

FAA  (HEADQUARTERS)  MEETING  -  WASHINGTON,  D.  C. 

FEBRUARY  22  -  24,  1989 

CAA  MEETING  -  SEATTLE 

MAY  19,  1989 

TRANSPORT  CANADA  MEETING  -  OTTAWA,  CANADA 

JUNE  7,  1989 

INTERNATIONAL  AIR  TRANSPORT  ASSOCIATION  -  WEST  BROME.  QUI  BEC 

AUGUST  25.  1989 

FAA  (NWM  REGION)  -  SEATILE 

SEPTEMBER  15,  1989 

AEA  DEICING/ANTI-ICING  TASK  FORCE  -  HAMBURG 

JANUARY  9,  1990 

FAA  (HEADQUARTERS)  MEETING  WASHINGTON,  D  C. 

MAY  1,  1990 

NASA  (HEADQUARTERS)TEST  PROGRAM  REVIEW  -  WASHINGTON,  D  ( 

MAY  23,  1990 

EUROPEAN  REGIONAL  AIRLINES  MEETING  -  AMSTERDAM 

JUNE  8,  1990 

FAA  (NWM  REGION)  SEATTLE 

JULY  5,  1990 

AEA  AIRCRAFT  DEICING  TASK  FORCE  MEETING  HAMBURG 

1990 

FRENCH  DGAC  CORRESPONDENCE 

APRIL  7,  1992 

AEA  AIRCRAFT  DEICING  TASK  FORCE  MEETING  HAMBURG 

Undiluted  Aircraft  Ground  Deicing/ 
Anti-Icing  Fluids  Characteristics 


viscosity. 


< 
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Aerodynamic  Effects  of  Aircraft  Ground 
Deicing/Anti-icing  Fluids 


•  WHAT  ARE  THE  AERODYNAMIC  EFFECTS  OF  THE  FLUIDS? 

•  HOW  ARE  THESE  EFFECTS  ADDRESSED  OPERATIONALLY? 

•  WHAT  IS  THE  POSITION  OF  AIRFRAME  MANUFACTURERS 
RELATIVE  TO  USE  OF  AIRCRAFT  GROUND  DEICING/ANTI-ICING 
FLUIDS? 
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Flight  Test  Evaluation 


OBJECTIVE: 


TEST  AIRCRAFT: 


TEST  SITE: 


TEST  PERIOD: 


TEST  CYCLE  -  FLIGHT  HOURS: 


CONFIGURATIONS: 


TYPE  OF  TESTS 


FLIGHT  EVALUATION  OF  DEICING/ANTI-ICING 
FLUIDS  AERODYNAMICS  EFFECTS 

737-200ADV 

KUOPIO,  FINLAND 

I/I  1/88  -  1/20/88 

83  TAKEOFFS  -  1 1  HR  52  MIN 

FLAPS 
FLAP  15 

LIFT  CURVES  AT  CONSTANT  DYNAMIC  PRESSURE 
AND  TIME  TO  LIFTOFF 

VARIATIONS 

✓  Time  to  Liftoff 

✓  Dynamic  Pleasure 

✓  Exposure  Time 

./  Fluid  Film  Thickness 
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Effect  of  De-/Anti-lcing  Fluid  on 
Airplane  Lift,  Fluid  3,  T  =  -10°C 


•  m©  co  t  osct 

•  TMfcJST  EFFECTS 
HEUOVtD 


r  \t  \t 

mcu  or  aitaci  • 


Flap  15 


Flap  5 


note  flagged  symbols 

aae  normal  takeoffs 
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Inflight  Controllability 


•  AIRPLANE  HANDLING  QUALITIES  WERE  SATISFACTORY  FOR  ALL  FLUIDS  AT  THE 
CONDITIONS  TESTED 


•  WITH  TYPE  n  FLUIDS  APPUED  TO  ONLY  ONE  WING,  SLIGHT  WHEEL  INPUT.  WELL 
WITHIN  AVAILABLE  LATERAL  CONTROL  CAPABILITY.  WAS  REQUIRED 


Wind  Tunnel  Evaluations 


OBJECTIVE: 


TEST  SITE: 

TEST  PERIOD: 


EVALUATE  FLUID  EFFECTS  THAT  CANNOT  BE 
SAFELY  PERFORMED  DURING  FLIGHT  TEST 

EXPAND  TEST  DATA  BASE  FOR  PARAMETRIC 
VARIATIONS  OF  TEMPERATURE.  AIRPLANE 
CONFIGURATION.  AND  FLUID  FORMULATION 

CORRELATE  WIND  TUNNEL  AND  FLIGHT  TEST 
RESULTS 

NASA-  LEWIS  RESEARCH  CENTER  ICING 
RESEARCH  TUNNEL 

APRIL,  1988  AND  FEBRUARY.  1990 
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Correlation  of  Flight  and  Wind  Tunnel  Measured  Lift  Loss 

Due  to  Fluid 


•  737-200ADV 

•  FLAP  5.  SEALED  SLATS 

•  LIFTOFF  ATTITUDE 

•  T  =  -10*C 

•  FLUID  3 
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Aerodynamic  Effects  of  Deicing/Anti-Icing 
Fluids  at  Operational  Concentrations 


'  Al  lime  ol  lillolf 
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Maximum  Lift  Loss  Variation 
With  Time 


•  Flighlgard  2000  at  -20°C 

•  737-200ADV,  3D  hall  model 

•  Flaps  5 

•  NASA  Lewis  IRT 


Loss  in 
maximum 
lift,  % 


-At  35  It  ~V2  condition 
/ —  At  gearup 


In  ground  effect 


Time  alter  liftoff,  sec 


Boundary  Layer  Velocity  Profiles  and 
Lift  Level  With  Solid  Roughness  and  Fluid 


surface, 

in 


Solid  roughness 
80  grit  / 


•  737-200ADV,  2D  model 

•  NASA  Lewis  IRT 

•  Slat  sealed 

•  Flaps  5 

•  <*w  =  8.4  deg 


Dry  wing 


04  06  0.8  10 

U/Uco 


30  60  90  Sec 

OowFG  2000 


7J7-M0ADV  2-0  LIFT  LOSS 


|^737-200AD\^UF^WS^^^OUNOAR^^DISPLACEMEIIl^THICKIjlE$$^CORRElAT^OjJ 


Conclusions  from  the  Flight  Test  and  Wind  Tunnel 

Evaluations 


•  ACCEPTABLE  CORRELATION  BETWEEN  FLIGHT  AND  WIND  TUNNEL  TEST  DATA 
DEMONSTRATED 

•  NO  ADVERSE  FLUID  EFFECTS  ON  AIRPLANE  CONTROLLABILITY  WERE  OBSERVED 


•  FOR  CONFIGURATIONS  WITH  SLATS.  A  SECONDARY  WAVE  OF  FLUID  OCCURRED  AT 
TAKEOFF  ROTATION.  RESULTING  IN  A  FILM  OF  WAVY  FLUID  NEAR  THE  WING  LEADING 
EDGE  AT  LIFTOFF  AND  DURING  THE  INmAL  PERIOD  OF  TAKEOFF  CLIMB 


•  THE  FLUID  RESIDUAL  (ROUGHNESS)  RESULTED  IN  LIFT  LOSSES  AND  INCREASED  DRAG 


•  THE  LIFT  LOSSES  AND  DRAG  INCREASES  VARIED  WITH  THE  FLOWOFF  CHARACTERISTICS 
OF  EACH  FLUID,  TEMPERATURE.  DILUTION.  AND  MODEL  CONFIGURATION 


•  AERODYNAMICS  EFFECTS  OF  THE  FLUIDS  RAPIDLY  DISSIPATED  AFTER  LIFTOFF 


•  THE  LIFT  LOSSES  AND  DRAG  INCREASES  CORRELATED  WELL  WITH  BOUNDARY  LAYER 
THICKNESS  MEASUREMENTS  MADE  AT  THE  WING  COVE  TRAILING  EDGE  AND  ON  A  FLAT 
PLATE  WITH  THE  SAME  FLUID,  FRpE  STREAM  VELOCITY  HISTORY.  AND  EXPOSURE  TIME 
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TRANSITORY  FLUID  EFFECTS 

SATISFACTORY  OPERATIONAL  HISTORY  OF  DILUTED  TYPE  I 
FLUIDS  WITHOUT  PERFORMANCE  ADJUSTMENTS 


SUCCESSFUL  USE  OF  TYPE  II  FLUIDS  IN  EUROPE,  ASIA.  AND 
NORTH  AMERICA 


•  TYPE  I  AND  TYPE  II  FLUIDS  WILL  BE  USED,  DEPENDING  ON 
ANTI-ICING  PROTECTION  REQUIRED 


Airplane  Performance  Criteria 


•  TAKEOFF  SAFETY  SPEED  MARGIN  TO  IG  STALL  SPEED 


LIFTOFF  SPEED  MARGIN  TO  MINIMUM  UNSTICK  SPEED 


•  AFTBODY  RUNWAY  CLEARANCE 


•  TAKEOFF  ACCELERATION  AND  CLIMB  CAPABILITY 


MANEUVER  CAPABILITY  TO  STALL  WARNING 


Tail  Clearance  at  Liftoff 


•  NEW  FORMULATION  DEICING/ANTI-ICING  FLUIDS 

Fluid  Concentration  100%  (Neat) 

Temperature  -20*C 

•  ONE-ENGINE-INOPERATIVE  THRUST 


flAP  5  15  t  J  15 
A/P  727-200  737-100 


I  3  15  25 
737-200 


1  5  15  25 

737  200ADV 


5  15  20  5  15  20 

757-200  767  200 


Speed  Margin  Takeoff  Safety  Speed  to  1G  Stall  Speed 


NEW  FORMULATION  DEICING/ANTI -ICING  FLUIDS 
Fluid  Concentration  100%  (Neat) 

Temperature  -20*C 

V2  =  ONE-ENGINE-INOPERATIVE  TAKEOFF  CLIMB  SAFETY  SPEED 


V2-VS1Q 

Vsjg 


i o - 

U 


t 


nu 
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Use  of  Reduced  Thrust  (Assumed  Temperature) 
Procedures  After  Using  Ground  Deicing/Anti-icing  Fluids 

AIA  TC  218-4  /  AECMA  Aircraft  Ground  Deicing  Working  Group 


•  THE  USE  OF  ASSUMED  TEMPERATURE  REDUCED  THRUST  PROCEDURES  FOR  TAKEOFF 
GENERALLY  IMPLIES  INHERENT  PERFORMANCE  MARGINS  FOR  TAKEOFF  FIELD  LENGTH  AT 
THE  TEMPERATURES  FOR  WHICH  GROUND  DEICING/ANTI-ICING  FLUIDS  ARE  APPLIED  THIS 
CONSERVATISM  MITIGATES  POSSIBLE  ADVERSE  AERODYNAMIC  DRAG  EFFECTS  DUE  TO  ANY 
FLUID  REMAINING  ON  THE  WING. 


•  INDIVIDUAL  AIRFRAME  MANUFACTURERS  MAY  CONFIRM  ON  A  TYPE-BY-TYPE  BASIS  THAT 
INHERENT  SPEED  AND  CLIMB  MARGINS  ARE  SUFFICIENT  TO  OFFSET  POTENTIAL  ADVERSE 
EFFECTS  ON  AERODYNAMIC  CHARACTERISTICS.  WHEN  MARGINS  ARE  INSUFFICIENT  TO 
OFFSET  THESE  POTENTIAL  ADVERSE  EFFECTS  ON  AERODYNAMIC  CHARACTERISTICS. 
AIRFRAME  MANUFACTURERS  MAY  RECOMMEND  MORE  STRINGENT  PROCEDURES  TO 
REDUCE  EXPOSURE  AND  TO  IMPROVE  CONFIDENCE  IN  THE  REDUCED  TAKEOFF  PROCEDURE, 
EVEN  IF  THE  FLUIDS-R  EDUCED  MARGINS  ARE  STILL  ABOVE  THE  REQUIRED  MINIMUMS. 


Recommendations 


•  REGULATORY  AUTHORITIES  ACCEPT  ACTIONS  TAKEN  BY  AIRFRAME  MANUFACTURERS 
RELATIVE  TO  USE  OF  AIRCRAFT  GROUND  DEICING/ANTI-ICING  FLUIDS  AS  SUFFICIENT 
WITHOUT  PROMULGATION  OF  ATTENDANT  REGULATIONS 


•  AEA/SAF./ISO  STANDARDS  FOR  AIRCRAFT  GROl  IND  DEICING/ANTI-ICING  BE  UNIVERSALLY 
ACCEPTED 

•  CONTINUED  DEVELOPMENT  OF  IMPROVED  AIRCRAFT  GROUND  DEICING/ANTI  ICING  FLUIDS. 
INCLUDING  IMPROVED  HOLDOVER  TIMES  AND  IMPROVED  FLUID  FLOWOFF 
CHARACTERISTICS  AT  TAKEOFF  SPEEDS 
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Use  of  Aircraft  Ground  Deicing/Anti-icing  Fluids 

AIA  TC  218-4  /  AECMA  Aircraft  Ground  Deicing  Working  Group 


•  AIRFRAME  MANUFACTURERS  HAVE  JOINTLY: 

✓  Assessed  (he  influence  of  deicing/anti-icing  fluids  on  airplane  performance  and  have  published  reiated 
information  for  (heir  fleets 

✓  Established  a  standard  for  acceptable  fluid  flowoff  to  limit  adverse  aerodynamic  effects 

✓  Supported  development  of  uniform,  international  standards  for  deicing/anti -icing  fluids,  procedures, 
and  support  equipment 

•  LARGE  JET  AIR  TRANSPORT  MANUFACTURERS  ACCEPT  OPERATIONAL  USE  OF  TYPE  1  AND  TYPE  II 
GROUND  DEICING/ANTMCING  FLUIDS  PROVIDING: 

✓  Fluids  meet  AEA/SAE/1SO  standards  (including  aerodynamic  acceptance  test  requirements)  and 
airframe  compatibility  requirements 

✓  Aircraft  deicing/anli- icing  is  performed  using  AHA/SAE/ISO  recommended  procedures  and  standards 

✓  Deicing/anli- -icing  ground  support  equipment,  fluid  storage  and  handling  practices  meet  AEA/SAfc/ISO 
recommendations  and  standards 

✓  Holdover  times  are  observed,  based  on  governmental  advisory  information,  AEA/SAE/1SO  fluid 
specifications  and  SAE  ARP  4737,  operator's  experience,  and  the  recommendations  of  fluid  manufacturers 

•  AIRFRAME  MANUFACTURERS  MAY  MAKE  OTHER  RECOMMENDATIONS  BASED  ON  THE  FLUID 
EFFECTS  ON  SPECIFIC  AIRCRAFT  MODELS  OR  CONFIGURATIONS  AND  OTHER  CONSIDERATIONS 
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AERODYNAMIC  ACCEPTANCE  TEST 
FOR  AIRCRAFT  GROUND  DE/ANTI-ICING  FLUIDS 


J.  Van  Hengst 
Fokker  Aircraft  B.V. 


Working  Group  1 

Aircraft  Design  Considerations 


AIA  TC  218-4  AIRCRAFT  GROUND  DEICING  WORKING  GROUP 


Representatives:  Boeing  Commercial  Airplanes  (Chairman) 
Douglas  Aircraft  Company 


Representatives  of  AECMA  related  companies 
Aerospatiale 
Airbus  Industrie 


British  Aerospace 
Fokker  Aircraft 
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OBJECTIVES  OF  GROUND  DEICING  WORKING  GROUP 

Define  Aerodynamic  Acceptance  Test  Set-up  and  Acceptance  Criteria 
Establish  Standard  for  Test  Method  and  Test  Facilities 


OBJECTIVE  OF  AERODYNAMIC  ACCEPTANCE  TEST 


To  Insure  acceptable  aerodynamic  Interference  of  de-/antl-lclng 
fluids  when  flowing  off  from  aircraft  lifting  surfaces  during 
take-off  ground  acceleration  and  subsequent  climb. 
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DEFINITION  OF  BOUNDARY  LAYER  DISPLACEMENT  THICKNESS  6* 


The  physical  meaning  of  this  definition  Is  that  8‘  represents  the  distance 

by  which  an  equivalent  uniform  stream  would  have  to  be  displaced  from  the  surface, 

to  give  the  same  volume  flow. 


FLAT  PLATE  -  B.L.  MEASUREMENT 


WIND  TUNNEL  BLOCKAGE  METIIODOLOGV 


J.  VANHENGST 
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Working  Group  1 
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ROUND  ROBIN  TEST  AND  TEST  FACILITY  QUALIFICATION 


Test  Facilities 

Test  Cases 
Qualification  Results 
Test  Facility  Requirements 


TEST  FACILITIES 


CWT  1  st  Von  Karman  Institute  Belgium 
6RIEA  at  University  du  Quebec  a  Chicoutimi 


TEST  CASES 


Boundary  Layer  Displacement  Thickness  from  -30°C  to  + 1  °C  for: 

Dry  Plate 
Type  II 

Type  I  MIL.SPEC.  8243D 


ROUND  ROBIN  TEST  RESULTS 
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Aerospace 

Industries 

Association 


April  2,1992 


Dr.  Mario  Carbonaro 
Professor 

von  Kb  no  an  Institute  for  Fluid  Dynamics 
72  Chaussee  de  Waterloo 
1640  Rhode-Saint-Genese 
Belgium 

Reference:  Hill,  EG.,  Aerodynamic  Acceptance  Test  for  Aircraft  Ground 

deicingf Anti-icing  fluids,  Boeing  Document  D6-55573,  dated  April  1, 
1992. 

SUBJECT:  Acceptance  of  the  von  Karman  Institute  for  Fluid  Dynamics  Aircraft 

Ground  Deiring/Anti-icing  Fluid  Aerodynamic  Acceptance  Site. 

Dear  Dr.  Carbonaro: 

In  behalf  of  the  Aerospace  Industries  Association  of  America  (AIA) 
TC  218-4  Deicing  Fluids  Working  Group,  we  are  pleased  to  inform  you  that  the 
von  Karman  Institute  aircraft  ground  deicing/anti-icing  fluid  aerodynamic 
acceptance  site  has  been  found  qualified  for  certifying  the  aerodynamic 
acceptability  of  aircraft  ground  deicing/anti-icing  fluids. 

Acceptance  of  the  VKI  site  is  based  on  compliance  with  Appendix  1, 
Reference  1  and  intimate  knowledge  of  the  facility,  procedures,  and  support 
resources.  Continued  acceptance  of  the  VKI  site  is  predicated  on  continued 
compliance  with  Appendix  1  of  Reference  1,  including: 

1)  autonomy  of  the  site  from  fluid  manufacturers’  control, 

2)  full  disclosure  of  the  test  fluid  identification  and  quality  control, 
and 

3)  full  disclosure  of  the  test  data  and  analysis  in  documentation 
of  the  test  fluid  aerodynamic  acceptability. 

Also,  to  insure  continued  acceptance  of  the  VKI  site  by  the  AIA. 
submittal  of  data  substantiating  maintenance  of  the  site's  data  quality  and  support 
resources  is  required  within  five  year  intervals,  as  described  in  Appendix  1, 
Section  1.2  of  Reference  1. 

Again,  congratulations  on  qualification  of  the  VKI  site,  and  we  look 
forward  toward  future  collaborations  in  the  area  of  aerodynamic  acceptance  of 
aircraft  ground  deidngfAnti-icing  fluids. 
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TEST  FACILITY  REQUIREMENTS 

Documented  capability  of  performing  required  testing 
Independent  of  fluid  manufacturers 
Qualified  by  AIA/AECMA  within  five  year  Intervals 
Demonstrated  ability  to  service  customers  at  reasonable  costs 
Long-term  committment  to  providing  quality  service 
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DEICING/ANTI-ICING  FLUIDS  AERODYNAMIC  ACCEPTANCE 
REQUIREMENTS 

Acceptable  flow-off  characteristics  at  qualified  temperatures 
as  defined  by  the  standard  test  method 

Continued  acceptance  of  fluid  based  on  bi-annual  demonstration 
of  acceptance  flow-off  characteristics  by  a  qualified  test  site 

Standard  test  method  Includes: 

Facility  description  and  qualification  requirements 
Test  fluid  requirements 
Test  procedure 

Fluid  aerodynamic  acceptance  criteria 

Desired  test  Information 

Test  results  documentation  requirements 
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Figure  A.  If 

i:  Example  of  Test  Results  Summary 

RECOMMENDATIONS 

Acceptable  aircraft  ground  delclng/antl-iclng  fluids  shall  comply  with 
AEA,  SAe  and  ISO  fluid  standards,  including  requirements 
of  the  aerodynamic  acceptance  standard  test  method 

Regulatory  authorities  should  accept  the  AIA/AECMA  aircraft  ground 
deicingyantl-lcing  fluids  aerodynamic  acceptance  standards,  including 
both  testing  and  test  facility  requirements,  as  sufficient  without 
attendant  regulations 


CONCLUSIONS 

Flat  plate  boundary  layer  measurement  of  aircraft  ground  delcing/antl-iclng 
fluids  can  be  reliably  used  to  demonstrate  aerodynamic  acceptability  of  fluid 
flow-off  characteristics 

A  suitable  standard  test  method  and  test  facilities  have  been  established  to 
certify  acceptance  fluids 

The  aerodynamic  acceptance  standard  test  has  been  Incorporated  Into  AEA, 
SAe  and  ISO  aircraft  ground  deicing/antl-lclng  fluid  specifications 
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fCE  PROTECTION/DETECTION 


D.  E.  Cozby 
Boeing 


FAA  International  Conference  on  Ground  De-Icing 


Boeing  Existing  Designs 

Airfoil  Ice  Projection  Systems 

•  Wing  Lending  Edge  Only 

•  Pneumatic  Thermal  Anti  Icing  Systems  using  Engine  Bleed  Air  (Figure  ##) 

•  Spanwise  protection  varies  from  80  to  40%  span  depending  on  aircraft  design  (Figure  ##) 

•  Cordwise  protection  is  approximately  6  to  9  inches  depending  on  aircraft  design  (Figure  ##) 

•  Ground  operation  permitted  only  on  the  737 

•  737  System  provides  limited  capability  to  "clean  up  only”  (frost  removal) 

-  will  not  remove  visible  ice  or  snow 

-  operation  is  limited  to  air  supply  temperatures  of  125°  centigrade  to  protect  structure  from 
overheat 
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FAA  International  Conference  on  Ground  De-Icing 


Ice  Detector  Test  Photos 

•  Photo  One _ 

•  Photo  Two _ 

•  Photo  Three  -  Five 


Probes 

Surface  Detectors 
.Snow  Detector  Tests 
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FAA  International  Conference  on  Ground  De-Icing 


Typical  Boeing  Pneumatic  System 
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FAA  International  Conference  on  Ground  De-Icing 


Wing  Ice  Protection  Percent  Span 


FAA  International  Conference  on  Ground  De-Icing 


Wing  Leading  Edge  Zone  of  Protection 


HOI 


FAA  International  Conference  on  Ground  De-Icing 


Boeing  Ice  Detection 


Primary  and  Advisory  Ice  Detector  System  are  on  Boeing  airplanes 

•  Probe  type 

•  Fuselage  mounted 

•  Not  effective  for  ground  use 

Ice  Detection  Technology  is  an  ongoing  activity  at  Boeing 

•  Performed  tests  on  all  known  devices  in  1986  (see  table  and  photos) 

•  Performed  tests  of  snow  and  de-icing  fluids  on  surface  detectors  in  1991  (see  photos) 


FAA  International  Conference  on  Ground  De-Icing 


Primary  Ice  Detection 
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—  ICE  OCfCCTOR  (CUSTOMS  OPTION,  1  EACH  SIM) 
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Ice  Detector  Survey 

Working  Group  1 

Aircraft  Design  Considerations 

Manufacturer 

Type 

Principle 

Status 

continued 

Ideal  Research  "Miami- 

Surface 

Microwave 

*  Tested  at  NASA  Lewis 

-  Boeing  Demo 

-  Being  Qualified 

Simmonds  (MIT) 

Surface 

Pulse  Echo 

Ultra  Sonic 

-  Tested  at  NASA  Lewis 
•  Prototype  Only 

Cox  and  Co. 

Surface 

Latent  Heat 

-  Tunnel  Tested  Once 

-  Under  Development 

Data  Products 

Probe 

Probe 

Thermal 

Optical 

-  Under  Development 

Rosemount 

Surface 

Probe 

Surface/Probe 
Surface/ Prove 

Magneto-Strictive 

Magneto-Strictive 

Thermal 

Piezoelectric 

-  Under  Development 

•  Under  Development 

-  Under  Development 

Vibrometer 

Surface 

Piezoelectric 

-  Tested  by  Boeing  1985 

-  In  Production  on  Douglas 

Leigh 

Surface 

Infrared  Photocell 

-  Being  Developed  lor  Hchcoptrrs 

TKK  (Japan) 

Surface 

Optical  Fiber 

-  Under  Development 

FAA  International  Conference  on  Ground  De-Icing 


Boeing  Ice  Protection  Systems  Summary 


707  717  737  7*7  767  7S7 
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•  %OrtfMty  electric  de-lee  bm  deleted  on  eft  delivered  airplanes 
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Preliminary  Conclusions  and  Recommendations 


Ground  operation  of  existing  Wing  TAI  Systems  is  not  recommended  as  a  general  rule 

•  Limited  benefits 

•  Risk  of  pilot  over-dependence,  compliance  with  FAR121 .629  is  still  the  airline  responsibility 


Ground  Ice  Detection  Technology  is  improving  and  is  in  use  for  some  types  of  ice.  However,  as  yet, 
detection  of  snow,  frost  and  de-icing  fluids  has  not  been  demonstrated,  continued  development  and 
research  should  be  encouraged. 


Boeing 
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ICE  DETECTION  SYSTEMS 


Jim  Bullock 

Douglas  Aircraft  Company 


ICE  DETECTION 


McDonnell  Douglas  Products 


MD- 1 1  IN-FLIGHT  ICE  DETECTION — WARNS  OF  ICING  CONDITIONS  IN  FLIGHT 

-  PROBE 

-  INSTALLED  IN  ENGINE  INLET 

-  STANDARD  ON  ALL  MD- 1 1  s 

-  MANUFACTURED  BY  ROSEMOUNT 


MD-80  ON-GROUND  ICE  DETECTION- WARNS  OF  WING  'CLEAR  ICE' 

-  FLUSH-MOUNTED 

-  INSTALLED  IN  WING  UPPER  SURFACE 

-  STANDARD  ON  MD-BOs  SINCE  OCTOBER  1 991  AND  AVAILABLE  FOR  RETROFIT 

-  MANUFACTURED  BY  VIBRO-METER 
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McDonnell  Douglas  MD-80 
ICE  FOD  ALERT  SYSTEM 
(WING  ICE  DETECTION) 


•  MD-80  ENGINES  ARE  MOUNTED  BEHIND  THE  WINGS.  ICE  ON  THE  WINGS.  IF  NOT 

DETECTED  AND  REMOVED.  POSES  ATHREAT  AS  FOREIGN  OBJECT  DAMAGE-FOD 


•  ICE  ON  THE  WING  UPPER  SURFACE  CAN  BE  CAUSED  BY: 

-  NATURAL  ICE  FORMING  DURING  WINTER  WEATHER  CONDITIONS 

-  ICE  FORMING  BECAUSE  COLD  FUEL  CHILLS  RAIN  OR  CONDENSATION 
THIS  ICE  IS  OFTEN  CALLED  'CLEAR  ICE'  BECAUSE  OF  ITS  TRANSPARENCY. 


ICE  FOD  ALERT  SYSTEM  IS  ADVISORY  ONLY.  IT  IS  DESIGNED  TO  ADVISE  PILOTS  OF  ICE 
THAT  POSES  A  THREAT  TO  THE  ENGINES. 


JIM  BULLOCK 

Douglas  Aircraft  Company 
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Use  of  Wing  De-Icing  System  on  the  Ground 


CONTENTS 


.  System  Aspects 


.  Operating  Procedures 


.  Aerodynsmlc  Losses 


Conclusions 
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Use  of  Wing  De-Icing  System  on  the  Ground 


ICE  DETECTION  ON  FOKKER  100 

Ice  Detector 

-  Underside  fuselage  -  >  detects  In-flight  Ice 

Black  stripe  on  wing  leading  edge 

Asslsta  to  determine  In-flight  Ice  accretion 

Clear  Ice  on  Inner  wing 

No  clear  Ice  problem  history  F-28  &  Fokker  100 

-  warmer  collector  tank  fuel  pumped  thru  top  hat  stringers 
temperatures  recently  confirmed  during  flight  tests 

-  TAY  engine  very  water/lce/FOD  tolerant 
Tufts  used  by  one  operator 
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U»e  of  Wing  De-Icing  System  on  the  Ground 


SYSTEM  ASPECTS 


Fokker  100  ground  tests  1907: 

Initially  only  fore  ward  2%  chord  Is  heated 
akin  temperature  20”C  to  100‘C  after  30  sec. 
sufficient  heat  to  de-/antl-lce  upto  4%  to  10%  chord 


BERENDJ.  WARRINK 
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continued 


F-28  60  seconds  operation  acceptable 


BE  REND  J.  WAR  RINK 


Use  of  Wing  De-Icing  System  on  the  Ground 

SYSTEM  ASPECTS 

High  Temperature  Consequences 


Above  100°C  (=  longer  than  30  secs.) 
.  Deslntegratlon  of  de-icing  fluid 
Structurally  undesirable 


Working  Group  I 

Aircraft  Design  Considerations 
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Use  of  Wing  De-Icing  System  on  the  Ground 

OPERATING  PROCEDURES  -  F28 

1. 

System  de-actlved  on  ground,  but  override  switches  behind  RH  pilot  seat 

2. 

Early  versions  of  AFM  reads: 

Wing  and  tall  antl-lcing 

ON 

Engine  HP  RPM 

75% 

Antl-lcing  override  switches 

Operate  for  1  min. 

3. 

Procedure  deleted  later  versions  AFM,  on  request  authorities, 
because  It  might  promote  take-off  with  Ice  on  unheated  part. 

4. 

If  desired  by  authorities,  AFM  procedure  can  be  re-lnstated 
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Use  of  Wing  De-Icing  System  on  the  Ground 

OPERATING  PROCEDURES  -  FOKKER  100 

1.  Ground  activation  possible  with  switches  on  maintenance  test  panel 

2.  A FM  does  not  contain  operating  procedure 

3.  If  authorities  desire,  AFM  procedure  could  be  added: 

Open  cover  of  Maintenance  Test  Panel 

Locate  3  switches 

Raise  engine  thrust 

Operate  test  switches  for  30  sec. 

Repeat  after  more  than  5  minutes 
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Uae  of  Wing  De-Icing  System  on  the  Ground 


AERODYNAMIC  LOSSES 


KKUlUJUlIiLii'A' 


Wlndtunnel  tests  of  Swedish  FFA  showed: 

29%  to  33%  loss  for  full  chord  roughness, 

both  wing  slone  (W),  wlng-flsp  (WF)  as  wlng-flap-slat  (WFS) 

15%  to  24%  loss  with  roughness  beyond  front  spar  only 
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CONCLUSIONS 

1.  Operation  of  airframe  anti-icing  on  the  ground: 

technically  possible 

•  overheating  prevented  through  operating  Intervals 
AFM  procedures  defined 

2.  Leading  edge  de-tclng  results  In  a  partially  clean  wing: 

•  defiance  with  FAR  121.629  and  91.527 
aerodynamic  loss  due  to  ridges 

aerodynamic  loss  due  to  contamination  of  rest  of  wing 

3.  Leading  edge  de-icing  on  the  ground  will  give  a  false  Illusion 
of  safety  and  will  ngt  contribute  to  a  safe  take-off 
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ICE  PROTECTION/DETECTION 


George  Rebender 
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FAA  CONFERENCE  GROUND  DEICING 


1.  AIRBUS  AIRFRAME  ICE  PROTECTION  SYSTEMS 

The  same  concept  Is  used  since  the  very  beginning  : 

Only  wing  leading  edge  Is  protected  (see  figure  A340)  but  In  ell  naps/slats  configurations. 
Pneumatic  system  Is  used  from  either  engine  bleed  air  or  APU  depending  on  aircraft  design. 
Ground  operation  Is  not  permitted  (except  test  sequence). 

Spanwlse  protection  varies  from  45  %  to  53  %  depending  from  aircraft  model 

Chordwlse  protection  Is  around  5  to  6  Inches  depending  from  aircraft  model 

CLQII;  :  If  severe  Icing  conditions  are  anticipated,  the  pilot  has  the  choice  to  preselect  wing  antl-lce  on  the 

ground  which  will  then  provide  wing  antl-lce  after  lift  oft : 

-  Take  off  thrust  Is  adjusted  accordingly  ; 

-  Take  off  AFM  performance  takes  Into  account  preselection  of  wfng  antl-lce. 
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2.  ICE  DETECTION 

a)  What  arelclngcpndltlons  ? 

Icing  conditions  exist  when  the  OAT  on  the  ground  and  for  take-off  Is  8°C  or  below,  or  when  TAT  In  flight 
Is  8"C  or  below  and  visible  moisture  In  any  form  Is  present  (such  as  clouds,  fog  with  visibility  of  one  mile 
or  less,  rain,  snow,  sleet  and  Ice  crystals). 

Icing  conditions  also  exist  when  operating  on  ramps,  taxlways,  or  runways  where  surface  snow,  standing 
wafer,  or  slush  may  be  Ingested  by  the  engines,  nacelles,  or  engine  sensor  probes. 

b)  When  musUhe  pilot  turn  the  systems  on  ? 

bt)  As  soon  as  temperature  and  visible  moisture  criteria  defined  above  are  met,  engine  anti  Ice  must  be 
turned  on.  The  pilot  must  not  rely  on  airframe  visual  cues. 

b2)  Wing  antl-lce  may  be  used  either  to  prevent  Ice  formation  or  to  remove  an  Ice  accumulation  from  the 
wing  leading  edges.  It  should  be  selected  on  whenever  there  Is  an  Indication  that  airframe  icing 
exists. 

c)  What  are  the  objectives  of  an  Ice  detection  system  ? 

Provide  to  the  pilot  an  advisory  system  In  order  to  : 

.  get  reliable  Icing  conditions  advice  to  the  crew. 

.  reduce  crew  workload 
.  save  fuel 
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d)  Which  crlterlas  are  to  be  chosen  7 
The  Airbus  1986  experiment. 

2  systems  were  tested  at  the  same  time  on  the  a/c  3  : 

-  nacelle  Ice  detector 

-  fuselage  Ice  detector 

The  detectors  were  located  In  almost  equivalent  local  water  concentration  areas. 

The  objectives  were  to  get  nacelle  anti  Ice  valve  activation  before  critical  Ice  accretion  Is  reached,  and 
activation  of  wing  antl-lce  depending  of  the  severity  signal. 


NACELLE  DETECTOR 

FUSELAGE  DETECTOR 

Advantages 

Ground  detection  engine  running 

High  reliability  due  to  less  severe 
environment 

Disadvantages 

-  Low  reliability  due  to  hostile 
environment 

-  Eventual  Influence  on  engine 

-  Take  off  phase  must  be  Inhibited 

No  Ice  detection  possible  on 
ground 

GEORGE  REBENDER 

Airbus  Industrie 


Working  Group  1 

Aircraft  Design  Considerations 

continued 


189 


GEORGE  REBENDER 

Airbus  Industrie 


Working  Group  1 
Aircraft  Design  Considerations 
continued 


FAA  CONFERENCE  GROUND  DEICING 


Experiment  conclusions 
•  Fuselage  probe  retained  :  Flight  use  only 

-  High  reliability  system  architecture 

-  Same  detection  system  Is  proposed  either  "pure"  advisory  or  "automatic"  advisory 

Basic  airplane  procedures  In  Icing  conditions  always  apply. 


^  FAA  CONFERENCE  GROUND  DEICING 


3.  PRELIMINARY  CONCLUSIONS  AND  RECOMMENDATIONS 

Airbus  wing  and  system  concept  associated  to  night  operating  rules  In  Icing  conditions  are  supported  by  a  20 
years  experience  and  10  million  FH  without  any  events  reported  by  either  Airworthiness  Authorities  or  Airlines. 

Enhancement  In  global  safety  Is  achieved  by  proper  de-icing  fluid  usage  and  strict  observation  of  operating 
recommendations. 

Ground  operation  of  existing  wing  antl-lce  Is  not  recommended,  benefits  are  limited  and  would  lead  to  useless 
over  sophistication. 
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ADVISORY  ICE  DETECTION  SYSTEM 

EXPECTED  'NAI1  AND  •WAP  VALVE  POSITION 
REFERING  TO  ICE  DETECTOR  SIGNALS. 
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A  warning  is  displayed  until  re  nacelle  anti  .ce  (resp.  re  wing  anti  icej  system 
is  controlled  'ON*  5y  re  ENG*;2)*  (resp.  'WING!  pusn-outton  switch. 


An  mc.cattcn  >s  ospiaveo  until  re  nacene  ant)  <ce  (resp.  re  wing  ana  ce)  system 
s  controlled  OPE"  py  re  'ENG  m2)'  (reso  '.vtNGl  pusn-puson  switch. 
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INFRARED  VIDEO  WING  ICE  DETECTION  SYSTEMS 
FOR  COMMERCIAL  AIRCRAFT 
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AIRBORNE  CCTV 
INFRARED  &  VISUAL  SPECTRUM 
VIDEO  SYSTEMS 
EXPERIENCE 


•  PATENTED  VIOEO  CAMERA  FILTER  CHANGING  DEVICE 

— >  ENHANCED  OPTICS  &  FILTERING  FOR  VISUAL  AND  NEAR  SPECTRUM 
INFRARED  OPERATION 

•  DEVELOPED  INTEGRATED,  MULTIPLEXED  VIDEO  SYSTEM  CAPABLE  OF 
32  CAMERA  SWITCHING 

•  PATENT  PENDING  FOR  DUAL  IMAGING,  THERMAL/VISUAL  CAMERA 

•  CAMERAS  AND  ILLUMINATORS  IN  SERVICE  AB  \RO  767  &  747  AIRCRAFT 

•  SELECTED  FOR  C-1 7  OROUGE  MONITORING  SYSTEM 

•  PAX  CABIN  MONITORING  SYSTEM  INSTALLED  IN  767  DEMONSTRATOR 
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AIRBORNE  CCTV 
CAMERA  SYSTEMS 
SPECTRAL  RESPONSE 


lULTRA  VIOLET  - 


VISIBLE 

SPECTRUM 


NEAR 

INFRAREO 


MKXXE 
*  WFRARED  ' 


89  MICRON 
INFITARED 
ILLUMINATION 


TYPICAL  SI  CCD  SENSOR 
WITH  I  R.  CUT  FILTER 
RESPONSE  CURVE 


SI  CCD  SENSOR 
WITH  LI  OPTICS 
RESPONSE  CURVE 


WAVELENGTH  IN  MICRONS 
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AIRBORNE  CCTV 

INFRARED  VIDEO  WING  ICE  DETECTION 
SYSTEM  DESCRIPTION 

•  SILICON  CCD  SENSOR  VIDEO  DETECTION 

•  BASED  ON  EXISTING,  IN  SERVICE  COMPONENTS 

•  NEAR  SPECTRUM  INFRARED  DETECTION  &  OPERATION  BASED  ON  BLAZED 
REFLECTION  PHASE  GRATING  THEORY 

•  6  LRU's 

2  ea  CAMERA  HEAD  UNITS  (INCL.  ILLUMINATOR) 

2  ea  CAMERA  CONTROL  UNITS 
1  ea  CENTRAL  PROCESSING  UNIT 
lea  MONITOR  DISPLAY  UNIT 

•  5kg  SYSTEM  WEIGHT 


•  28vdc  INPUT  O  35W 


•  FIELD  OF  VIEW  OBTAINED  THROUGH  A  2.5"  ROUND  WINDOW  IN  FUSELAGE 
WALL,  BELOW  WINDOW  LINE,  IN  A  NON-WINDOW  FRAME  BAY 
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BLAZED  REFLECTION  GRATING 


INFRARED 
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AIRBORNE  CCTV 
WING  ICE  DETECTION  SYSTEM 
INTERCONNECT 
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AIRBORNE  CCTV 

INFRARED  VIDEO  ICE  DETECTION  SYSTEM 
FIELD  OF  VIEW  ANALYSIS 
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AIRCRAFT  UPPER  WING  SURFACES 
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DETECTION  OF  ICE  ACCRETIONS  ON  AIRCRAFT  UPPER  WING  SURFACES 

Desired  Results: 

Detection  of  any  ice  formations  on  the  upper  surfaces  of  large  transport 
category  airplanes.  Aircraft  operational  environments  include : 

Temp:  <  +5  °C  to  >  -22  °C 

Snow:  <  3  inches/hour 

Freezing  rain:  <  .3  inches/hour 

Sleet 

Frost 

Must  survey  critical  upper  wing  surface  areas 
Must  distinguish  between  ice,  deicing  fluids  &  water 
Must  display  results  to  flight  crew  in  the  cockpit 
Should  be  aircraft  installed 
Should  have  very  low  false  alarm  rate 
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CLEAN  WING  ADVISORY  SYSTEM  (CWAS) 


Martin  Lustenberger 
Vibro-Meter 


1.  OBJECTIVES 

The  collaboration  between  Lufthaasa,  Finnair  and 
Vibro-Meter  SA  has  concentrated  on  the  development 
of  a  comprehensive  cockpit  advisory  system  to  give  a 
detailed  account  of  all  the  different  forms  of  contami¬ 
nation  prevailing  on  an  aircraft’s  wings.  The  system 
thus  created  was  named  CWAS  (Clean  Wing  Advisory 
System  by  Vibro-Meter  SA)  and  field  testing  has  been 
undertaken  on  location  at  Helsinki-Vantaa  airport  in 
Finland  during  this  past  spring. 

The  principal  operational  objective  of  this  project  Is  to 
develop  a  device,  for  flight  operation,  which  gives  an 
alarm  in  the  cockpit,  at  the  latest,  at  the  moment  of 
initiating  take-off  roll, ofany  contamination  prevailing 
on  the  wing  upper  surface  which  could  cause  aerody¬ 
namic  penalties  and  /  or  mechanical  damage  at  the 
rotation  phase  of  the  take-off. 


The  contaminants  to  be  detected  are : 

•  clear  ice  (hard  crystal) 

•  frost 

•  ice-fluid  mixtures  eg.  glycol  (soft  ice  /  slush) 

•  snow  (excluding  loose,  powdery  snow) 

•  type  I  lluids  (thicker  than  a  preset  value) 

Annexes  1  and  2  show  possible  cockpit  indicator 
panels  for  this  purpose. 

2.  DETECTION  PRINCIPAL 

All  the  contaminants  to  be  detected  have  certain 
combinations  of  physical  properties  (mass,  stiffness, 
freezing  point,  damping  characteristics.) 

The  combination  of  these  properties  is  unique  for 
each  contaminant. 

The  VM  CWAS  Sensor  is  able  to  measure  these 
properties  and  from  them  the  associated  micropro¬ 
cessor  based  electronics  can  determine  the  type 
of  contaminant. 


Figure  1 


Annex  3  shows  the  provisional  installation  outline. 


The  different  elements  of  the  sensor  and  their  functions 
are  : 


The  vibrating  diaphragm 


detects  the  presence  of  any 
contaminant  and  determines 
its  mass  and  stiffness 


The  method  of  measuring  ice  is  based  upon  the  principle 
that  the  resonant  frequency  of  a  solid  body  will  alter 
with  a  change  m  mass  or  stiffness^ 

*  P 

k  =  stiffness 
m  =  mass 

j)  r  =  resonant  frequency 
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Ice  is  detected  using  a  continuously  vibrating  sensor 
diaphragm  which  is  forced  into  oscillation  at  its  reso¬ 
nant  frequency.  The  resonant  frequency  is  ultra  sonic 
and  the  maximum  oscillation  amplitude  is  veiy  small 
(under  1  micrometer)  so  that  effectively  there  are  no 
moving  parts. 

Ice  accretion  on  the  sensor  diaphragm  increases  both 
the  stiffness  and  mass,  hence  increasing  the  resonant 
frequency  (the  effect  of  the  increased  stiffness  is 
much  greater  than  that  of  the  increased  mass) .  Water 
or  liquid  contaminants  increase  the  mass  without 
increasing  the  stiffness  thus  decreasing  the  natural 
frequency.  A  clear  discrimination  between  ice  and 
liquid  is  ensured. 

•  Temperature  measurement:  There  are  two 
independent  temperature  measurements.  One  for 
the  wing  surface  and  one  for  the  vibrating 
diaphragm  surface 

•  Peltier  element:  Temperature  cycles  the  vibrating 
diaphragm  through  a  determined  temperature 
range 


The  peltier  element  is  a  solid  state  device.  By  applica¬ 
tion  of  an  electrical  voltage,  the  device  can  be  made  to 
cool  or  heat  depending  upon  the  applied  polarity. 
However,  apeltier  element  does  not  have  a  high  energy 
transfer  efficiency.  The  problem  encountered  with  the 
earlier  CWAS,  was  that  the  wing  skin  around  the 
sensor  heated  up  several  degrees  K  during  the  tem¬ 
perature  cycling  of  the  diaphragm. 

For  the  latest  CWAS  version  tlus  was  overcome  by : 

•  a  higher  efficiency  of  the  peltier  element  mounting. 

•  smaller  number  of  cycles  with  reduced  A  T  (limited 
to  A  T  =  10°  K). 

•  better  heat  dissipation  of  the  sensor  (heat  sink). 

•  reducing  the  total  thermal  mass  of  the  sensor. 
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5  .  EXAMPLE 


De/anti-icir,j  fluid  phase  diagram  and  CWAS 


Figure  3 


At  -  10'  C,  through  a  change  of  frequency  and  amplitude  cf 
the  vibrating  diaphragm,  any  wing  contamination  is 
detected  and  a  temperature  cycle  (cooling  down)  is 
started . 


The  increasing  of  the  stiffness  during  the  cooling 
process  indicates  clearly  that  the  contaminant  is  slush  ! 
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CONCLUSION 


MARTIN  LUSTENBERGER 


The  tests  completed  this  spring  at  Helsinki-Vantaa 
Airport  in  Finland  showed  that  the  objective,  not  only 
to  detect  clear  ice,  but  also  slush,  frost  and  other 
contaminantsonaircraft  wing  can  be  reached  with  the 
actual  CWAS. 

The  system  now  has  to  be  adapted  for  flight  trials 
during  winter  92  /  93.  Special  attention  will  be  paid  to 
the  operational  aspects  by  the  two  airline  partners 
Lufthansa  and  Finnair. 


Vibro-Meter 


Working  Group  1 

Aircraft  Design  Considerations 

continued 


209 


STUART  INKPEN 
Instrumar  Limited 


Working  Group  1 
Aircraft  Design  Considerations 


AIRCRAFT  ICE  SENSOR 


Stuart  Inkpen 
Instrumar  Limited 


210 


AIRCRAFT  ICE  SENSOR 


Pym.  rvuj 


THE  PROBLEM 

Icing  on  aircraft  is  an  important  issue  for  flight  safety  and  recent  accidents 
have  brought  this  to  the  attention  of  regulating  agencies  and  the  public.  This 
attention  has  led  to  a  further  evaluation  of  the  actual  effects  ice  accumulation 
can  have  on  aircraft  performance.  The  effect  on  stall  speeds  even  on  larger  jet 
aircraft  can  be  dramatic.  Also,  ground  wing  contamination  issues  are  rising  to 
the  forefront  with  renewed  emphasis  placed  on  the  requirement  for  a  "clean” 
wing  on  take  off.  Pilots  have  no  reliable  way  to  assess  the  amount  of  ice 
accumulation.  The  lack  of  accurate  input  available  to  the  pilots  plus  increased 
demands  to  maintain  flight  schedules  has  caused  decisions  regarding  ground 
icing  to  be  some  of  the  more  difficult  faced  by  pilots  in  routine  operation. 
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AIRCRAFT  ICE  SENSOR 


THE  PRODUCT 

A  flush  mounted  sensor  has  been  developed  by  INSTRUMAR  which  will  pro¬ 
vide  a  pilot  with  accurate,  reliable  information  on  the  state  of  the  wing  or 
fuselage  surface.  This  includes  detection,  thickness,  and  characterization  of 
ice  and  snow,  the  ability  to  distinguish  ice  from  de/anti-icing  fluids,  and  to 
provide  a  measure  of  the  state  of  the  fluids.  It  can  also  be  used  in  the  determi¬ 
nation  of  contaminants  likely  encountered  in  the  environment  such  that  these 
do  not  cause  erroneous  readings. 

The  latest  sensor  prototype  has  a  60mm  diameter  and  has  been  designed 
to  measure  ice  layers  from  0.2mm  to  5mm  in  thickness.  The  technique  used  to 
detect  ice  is  non-intrusive  and  is  based  on  the  measurement  of  spatial  variations 
in  the  electrical  properties  of  the  substance  on  the  sensor.  The  sensor  is 
constructed  of  a  material  with  similar  thermal  and  structural  properties  to 
those  of  an  aircraft  wing. 
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THE  PROGRAM 

A  three-phase  development  program  is  under  way.  An  initial  laboratory  pro¬ 
totype  was  tested  and  results  were  sufficiently  successful  that  a  working  proto¬ 
type  was  developed  for  icing  tunnel  evaluation  and  preliminary  flight  testing. 

Phases  1  and  2  of  this  program  have  been  supported  under  contract  from 
the  federal  departments  of  Transport  and  Defence  Canada.  Approximately 
$1,000,000  has  been  invested  in  this  technology  to  date.  A  special  technical 
advisory  committee  represented  by  both  commercial  aircraft  and  government 
interests  was  founded  to  advise  on  Phases  I  and  II.  It  included: 

•  Airworthiness,  Transport  Canada 

•  Canadair  Division  of  Bombardier 

•  National  Defence  Canada 

•  Flight  Research  Lab  (FRL)/National  Research  Council  (NRC)  Canada 

•  Low  Temperature  Laboratory /Mechanical  Division  of  NRC  Canada 

•  Transportation  Development  Centre  (TDC),  Transport  Canada 

•  Federal  Aviation  Administration  (FAA) 

Phase  2  of  the  program  was  completed  in  1991  and  the  prototype  was  de¬ 
livered  to  the  National  Research  Council  for  independent  laboratory  testing. 
The  testing  was  completely  positive  as  was  certified  by  the  NRC  paper  de¬ 
livered  in  Reno,  Nevada  at  the  AIAA  30th  Aerospace  Sciences  Meeting  and 
Exhibit  in  January,  1992. 


213 


PAUL  CATLIN 


B.  F.  Goodrich 


Working  Group  1 
Aircraft  Design  Considerations 


AERODYNAMIC  PERFORMANCE  MONITOR 


Paul  Catlin 
B.  F.  Goodrich 


Proves  the  Missing  Component  In 

•  Stall  Warning 

•  Low  Level  Windshear  Recovery 

•  Takeoff  Performance  Monitoring 


Aerospace 


Aw  |>w»wIb  end  Tw>w1hi.  Im. 


Aerodynamic 
Performance  Monitor 


The  Missing,  Component 

•  Ability  to  Measure  Premature  Loss  of  Lift 
Due  to  Contamination 

-  Leading  Edge  Ice  or  Insects  In  Flight 

-  Upper  Surface  Snow,  Slush,  or  Ice 
During  a  Takeoff 
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Sensor  Placement  on  Airfoil 

[- -  X  (Chordwise  Location)  - 1 


Range  of 

Sensor  Placement 
X/C  =  60%  to  80% 
Z/C  =  1%  to  3% 


0F&M*tah 

Aerospoco 

Repeat  APM  Tests 

•  J.E.T.  C-421  Flight  Tests,  Mar  91 

•  NASA  Heavy  Rain  Facility,  Nov  90 

< 

•  OSU  7  x  10  Ft  Wind  Tunnel,  Aug  90 

•  Saberliner  Flight  Tests,  Dec  89  -  Mar  90 
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Summary 

•  Provides  Stall  Warnings  When  Wing  is  Contaminated. 

Conventional  Systems  Cannot.  " 

•  Optimizes  Low  Level  Windshear  Recovery  to  Maximum 
Available  Lift  -  Not  to  a  Fixed  Pitch  Limit. 


Aarospoce  Aerodynamic 

- Performance  Monitor 


•  Provides  Early  Takeoff  Warning  If  There  Is 
Insufficient  Lift  Due  to  Contamination. 


GROUND  ICE  DETECTION  STRATEGY 
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AGENDA 

•  Current  commercial  transport  Ice  detection  use 

•  Technical/Operational  differences  between  In-flight 
and  ground  ice  detection  systems 

•  Ice  detection  certification  history 

•  Aircraft  ground  ice  detection  strategy 

•  Ground  ice  detection  approaches 

•  Summary 
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COMMERCIAL  TRANSPORT 
ICE  DETECTION 


•  Most  30+  passenger  turbine-powered  aircraft  offer  In-flight 
Ice  detection  systems 

•  Commercial  alrframers  providing  Ice  detection  for  at  least  one 
model  Include: 

-  Airbus  -  Fokker 

-  BAe  -  Lockheed 

-  Boeing  -  McDonnell  Douglas 

-  Canadair 


In-flight  Ice  detection  systems  are  certified  for  either  advisory 
or  primary  use 


Advisory 


Primary 


Flight  crew  activates  Ice  protection 
systems  based  on  flight  manual  criteria 
(total  temperature/vlslble  moisture).  Ice 
detector  used  as  a  back-up 


Ice  detector  determines  Ice  protection 
system  activation 


IN-FLIGHT 
ICE  DETECTION 


Purpose  Determine  when  aircraft  enters 
Icing  environment 

Method  Ice  detector  senses  Ice  formation 
as  aircraft  files  through  clouds 
containing  supercooled  water 
droplets 

Design  Intrusive,  probe-type  sensor 
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GROUND 
ICE  DETECTION 


Purpose  Determine  Ice  formation  on 
a  specific  surface 

Method  Ice  detector  senses  ice 

formation  on  discrete  critical 
aircraft  surface  locations 

Design  Flush-mounted,  thickness 
measurement 
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IN-FLIGHT  ICE  DETECTION 
CERTIFICATION 


First  commercial  transport 
advisory  system 

Lockheed  L-1  Oil 


First  commercial  transport 
primary  system 

Boeing  747-400 


First  commercial  transport 
_ digital  sensor _ 

Boeing  757/767 


l 


Boeing  757/767 
McDonnell  Douglas 
MD-11 


▼ 


4- 


4- 


IMS  1970 


4- 


1980 


4 - h 


1989  1990 


Primary  Ice  detection  certification/system  development  was 
a  cooperative  effort  between  the  FAA,  aircraft  manufacturers, 
airlines,  and  sensor  manufacturers 

Extensive  flight  testing  characterized  certification  effort 
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SENSOR  OPTIMIZATION/AIRCRAFT 
CERTIFICATION 

•  Assemble  team  representing  OEMs,  certification  authorities,  airlines,  and 
sensor  manufacturers  to  define  requirements  for  ground  Ice  detection 

1.  Sensor  design  requirements 

•  Ice  thickness 

-  Snow  detection 

•  High  reliabllity/Low  undetected  failure  rate 

•  Maintainability /Ease  of  Installation 

2.  System  design  requirements 

-  Number  of  sensors 

-  Sensor  locatlon(s) 

-  Cockpit  display 


3.  Certification  test  plan 
•  Test  system  In  actual  use 

-  incorporate  design  recommendations 

-  Artificial/Natural  Icing  tests 


4.  Role  of  ice  detector 
-  Primary/Advisory 
•  Mandatory/Optional  Installation 


GROUND 

ICE  DETECTION 

APPROACHES 


ROSEMOUNT* 
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ROSEMOUNT  SURFACE  ICE  DETECTION  SYSTEMS 


Rose  mount  Inc. 


Rosemount  Offers  Two  Surface  Ice  Detection  Systems: 

Maonetostrictive  Surface  Sensor 

•  Uses  Same  Oscillation  Circuit  As  Probe  Type 

•  Ice  Accretion  On  Flush  Diaphragm  Causes  Increase  In  Resonant  Frequency 

•  Can  Measure  Ice  Thickness  Accumulations  From  .005  -  50" 
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GROUND 

ICE  DETECTION 

APPROACHES 


On-Site 

•  Freezing  rain  sensor  developed 
for  airport  use 

•  Determines  environment  Icing 
conditions  at  the  airport 

•  Provides  real-time  weather 
information  to  tower  and 
flight  crew 


SUMMARY 


•  In-flight  ice  detection  is  common  on  commercial  transports 

•  Technology  exists  to  detect  ground/surface  icing,  but  sensor 
requirements  need  to  be  defined 

•  Dual  ground  ice  detection  approach 

-  Aircraft  surface  ice  detection 

-  Airport  facility  freezing  rain  detection 

•  If  aircraft  surface  Ice  detection  becomes  part  of  the  overall 
ground  Icing  prevention  strategy: 

-  Role  of  ice  detector  must  be  determined 

-  Systems  must  be  tested  In  actual  use 

-  Need  to  define  timetable  for  implementation 
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SOME  TAKEOFF  ACCIDENTS  WHERE  WING 

ICE  CONTAMINATION  IS  CONSIDERED 

TO  BE  A  CONTRIBUTING  FACTOR 

DATE 

AIRLINE 

LOCATION 

ACFT  TYPE 

PRECIPITATION/OBSERVATIONS 

27  DEC  09 

OZARK 

SIOUX  CITY 

DC-9- 10 

LIGHT  FREEZING  ORIZZLE 

20  JAN  74 

THY 

CUMAOVAS, 

TURKEY 

F20 

PROBABLE  CAUSE:  FROST  ACCRETION  ON 

THE  WINGS 

03  JAN  77 

04  JAN  77 

JAL 

ANCHORAGE 

FRANKFURT 

OC-0-62 

737 

FOG 

LIGHT  SNOW/25-DEGREE  WHEEL  REOD  AFTER 

LIFTOFF.  RIME  ICE  OBSERVED  ON  WING 

27  NOV  70 

TWA 

NEWARK 

OC-9-10 

BLOWING  RAIN  AND  SNOW 

20  DEC  70 

N40SN 

MINNEAPOLIS 

LEARJET 

PROBABLE  CAUSE:  SNOW  AND  ICE  ON  WINGS 

19  JAN  79 

N73I01 

DETROIT 

LEARJET 

PROBABLE  CAUSE:  PREMATURE  STALL  CAUSED 

BY  ACCUMULATION  OF  WING  ICE 

12  FEB  79 

ALLEGHENY 

CLARKSBURG 

NORD  262 

LIGHT  SNOW  -  FROZEN  SNOW  PHOTOGRAPHED 

ON  EMPENNAGE  AFTER  ACCIDENT 

18  FEB  00 

REDCOTE 

BOSTON 

BRISTOL  253 

LIGHT  SNOW 

13  JAN  82 

AIR  FLORIDA 

WASH  D  C. 

737 

MODERATE  TO-HEAVY  SNOWFALL 

05  FEB  05 

AIRBORNE 

PHILADELPHIA 

DC  9  10 

LIGHT  FREEZING  RAIN.  ICE  AND  SNOW 

PELLETS.  FOG 

12  DEC  0$ 

ARROW  AIR 

GANDER 

DC-0413 

LIGHT  FREEZING  DRIZZLE,  SNOW  GRAINS 

IS  NOV  07 

CONTINENTAL 

OENVER 

DC-9- 10 

MODERATE  SNOW.  FOG 

10  JAN  00 

N2014U 

NEW  MEXICO 

CESSNA  402 

PROBABLE  CAUSE:  ICE/FROST  REMOVAL  INADEQUATE 

06  FEB  09 

N2832J 

CALIFORNIA 

CESSNA  A188B 

PROBABLE  CAUSE:  ICE/FROST  REMOVAL  INADEQUATE 

23  DEC  88 

N5570H 

MONTANA 

PIPER  PA- 11 

PROBABLE  CAUSE:  WING  ICE 

10  MAR  09 

AIR  ONTARIO 

ORYDEN 

F20 

HEAVY  SNOW 

25  NOV  09 

KOREAN  AIR 

KIMPO 

F20 

DENSE  FOG.  ICE  ON  THE  WING 

16  FEB  91 

RYAN 

CLEVELAND 

DC-9- 10 

LIGHT  SNOW 
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DOUGLAS  COMMERCIAL  TURBOJET  TRANSPORTS 

BASIC  WING  DESIGNS 


CONVENTIONAL  WING 
DC-8  AND  DC-9  SERIES  10 


CRUISE 


TAKEOFF  OR 
LANDING 


SLATTED  WING 

9-20,30,40,50,  MD-80,  DC-10,  MD-11 


CRUISE 


TAKEOFF  OR 
LANDING 


A  CORRELATION  OF  THE  EFFECT  OF  WING  SURFACE 
ROUGHNESS  ON  MAXIMUM  LIFT  COEFFICIENT 
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THE  APPROXIMATE  EFFECT  OF  WING  UPPER  SURFACE 
ICE  CONTAMINATION  ON  THE  STALL  SPEED  OF  A 
TYPICAL  SMALL  TURBOJET  TRANSPORT 


100  tanwww^ 


120 

100 

BO 

ROUGHNESS 

EQUIVALENT 

SANDPAPER 

60 

GRADE 

40 

20 
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UUUU^ - s 


10  20  30  40 

INCREASE  IN  STALL  SPEED  DUE  TO  CONTAMINATION  (KNOTS) 


APPROXIMATE  SPANWISE  EXTENT  OF  PNEUMATIC 
LEADING  EDGE  ICE  PROTECTION 

DCS 

80% 

(CYCLIC  DE-ICE  SYSTEM) 

DCS  (ALL) 

95% 

(ANTI-ICE  SYSTEM) 

MD-80/MD-87 

95% 

( ANTI -ICE  SYSTEM) 

DC-10 

54% 

(ANTI-ICE  SYSTEM) 

MD-11 

54% 

(ANTI-ICE  SYSTEM) 
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TYPICAL  EFFECT  OF  FULL  SPAN  CLEANING  OF  THE 
WING  LEADING  EDGE  ON  LIFT  LOSS 


-10%' 


LIFT 

LOSS 


-30% 


I  CLEAN  WING 


20  30  40  50  60  70 

PERCENT  OF  TOTAL  CHORD 


80  90  TE 


ACCIDENT  WEATHER  CONDITIONS 


AMBIENT  DEW 

ACCIDENT  DATE  AIRCRAFT  TEMPERATURE  POINT  PRECIPITATION  DE-ICED 


RYAN 

CLEVELAND 


DENVER 

AIRBORNE 

PHILADELPHIA 


TWA 

NEWARK 

JAL 

ANCHORAGE 

OZARK 
SIOUX  CITY 


NOTE  1 .  VISIBLE  MOISTURE  EXISTED  AT  MODERATE  SUBFREEZING  TEMPERATURES  IN  ALL  CASES 
NOTE  2:  THERE  WAS  LITTLE  SPREAD  BETWEEN  AMBIENT  TEMPERATURE  AND  DEW  POINT  IN  AL  CASES 
NOTE  J.  THE  AIRCRAFT  INVOLVED  HAD  CONVENTIONAL  WING  LEADING  EDGES  IN  ALL  CASES 

•  AIRCRAFT  WAS  DE-ICED.  BUT  tWS  DECAYED  ATFROXIUATELY  27  MINUTES  BEFORE  ATTEMPTING  TAKEOFF 


RALPH  BRUMBY 
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(°C) 

(°C) 

02/16/91 

DC-9-10 

-5.0 

•6.9 

LIGHT  SNOW 

NO 

11/15/87 

DC-910 

•22 

-2.8 

MODERATE  SNOW,  FOG 

YES- 

02/05185 

DC-9-10 

•22 

-33 

LIGHT  FREEZING  RAIN, 
ICE  &  SNOW  PELLETS, 
FOG 

NO 

12112/85 

DC-8-63 

-42 

-S2 

LIGHT  FREEZING 
DRIZZLE,  SNOW  GRAINS 

NO 

11127/78 

DC-9-10 

-2.8 

-33 

BLOWING  RAIN  &  SNOW 

NO 

01103177 

DC-8-62 

-6.6 

-7.7 

FOG 

NO 

12/27/68 

DC-9-10 

• 5.6 

- 6.7 

LIGHT  FREEZING 
DRIZZLE 

NO 
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SYSTEM  OPERATION 


•  DURING  WEATHER  CONDITIONS  REQUIRING  THE  USE  OF  ENGINE  ANTI-ICE,  ALSO  TURN 
ON  AIRFOIL  ANTI-ICE 

•  SUPPLEMENTAL  ON-GROUND  WING  ICE  PROTECTION  IS  THEN  AVAILABLE  WHENEVER 
THE  THROTTLES  ARE  AT,  OR  NEAR,  THE  IDLE  DETENT 

•  THE  SUPPLEMENTAL  SYSTEM  IS  BOTH  TEMPERATURE  AND  PRESSURE  CONTROLLED  TO 
PREVENT  WING  LEADING  EDGE  STRUCTURAL  DAMAGE  DUE  TO  THE  TEMPERATURE 
INCREASES  ACCOMPANYING  THROTTLE  ADVANCE 

•  WHEN  THE  THROTTLES  ARE  ADVANCED  FOR  TAKEOFF,  THE  TEMPERATURE  AND 
PRESSURE  REGULATING  SYSTEM  DEACTIVATES  THE  SUPPLEMENTAL  ON-GROUND  WING 
ICE  PROTECTION  SYSTEM,  AND  THE  BASIC  AIRFOIL  ANTI-ICE  SYSTEM  RESUMES 
NORMAL  IN-FLIGHT  OPERATION 


CONCERNS  AND  RECOMMENDATIONS 


•  RF.TROFITABI.E  SUPPLEMENTAL  ONGROUND  WING  ICE  PROTECTION  SYSTEMS  DO  NOT 
FULLY  RECOVER  SAFETY  MARGIN  DEGRADATIONS  DUE  TO  WING  LEADING  EDGE  AND 
UPPER  SURFACE  ICE  CONTAMINATION 

•  SUPPLEMENTAL  ON-GROUND  WING  ICE  PROTECTION  DOES  NOT,  AND  SHOULD  NOT 
REPLACE  PROPER  DE  ICING  ANDIOR  INSPECTION  IN  COMPLIANCE  WITH  FAR  91.527  AND 
121.629 

•  SUPPLEMENTAL  SYSTEMS  ARE  JUST  THAT  -  -  BACKUP  IN  CASE  OF  A  FAILURE  IN  THE  DE¬ 
ICING  ANDIOR  INSPECTION  PROCESS 

•  NOT  ALL  AIRPLANE  MODELS  CAN  BE  MODIFIED  TO  PROVIDE  SUPPLEMENTAL  THERMAL 
ICE  PROTECTION  ON  THE  GROUND 

SOME  ENGINES  HAVE  INSUFFICIENT  BIJ-ED  AIR  TEMPERATURE  OR  FUIW  AT  IDLE 

SOME  WING  LEADING  EDGE  OR  SLAT  STRUCTURES,  FARTICUIARLY  COMPOSITES,  ADJACENT  TO 

IIEATED  AREAS  CANNOT  WITHSTAND  REQUIRED  ICE  PROTECTION  TEMPERATURES 

•  CONSIDERABLE  CONCERN  ARISES  ABOUT  THE  POSSIBILITY  OF  FLIGHT  CREW  RELIANCE 
UPON  A  SUPPLEMENTAL,  OR  " BACKUP ",  SYSTEM  THAT  DOES  NOT  FULLY  RECOVER 
SAFETY  MARGINS 

•  THE  BOTTOM  LINE  RECOMMENDATION:  IMPROVE  THE  PROCESS  THAT  INSURES  THE 
CLEAN  WING  PHILOSOPHY  OF  FAR'S  91.527  AND  121.629 
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DELTA’S  EXPERIENCE  WITH  TYPE  II  FLUID 
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Delta  Air  Lines 


INTRODUCTION/BACKGROUND 

Delta  currently  uses  Type  I  and  Type  1 1  aircraft  deicing 
fluids  and  equipment.  Type  II  fluid  was  introduced 
in  ATL  and  I)FW  in  1988.  Currently,  Delta  uses  TVpe  II 
fluid  and  equipment  at  eight  stations.  At  these 
stations,  we  use  Type  II  fluid  for  anti-icing  and  Type  I 
for  deicing. 

COMPARISON  OF  TYPE  I  &  II  FLUIDS 
Type  I 

This  fluid  is  available  as  a  concentrate  or  50/50  water/ 
glycol  premix.  It  has  a  low  viscosity  and  is  not  sensitive 
to  mechanical  shearing  as  compared  to  Type  II.  Delta 
uses  Type  I  for  deicing  at  Type  II  stations  and  for 
deicing  and  anti-icing  at  non-Type  II  stations.  This 
type  of  fluid  has  been  used  for  many  years  by  the 
aviation  industry  in  the  U.S.  Type  I  fluids  have  a  lower 
freeze  point  than  TVpe  II. 


Type  II 

This  fluid  in  its  concentrated  form  is  a  50/50  water/ 
glycol  mixture.  It  has  a  higher  viscosity  and  requires 
special  equipment  to  minimize  mechanical  shearing 
of  the  fluid.  Delta  uses  Type  II  fluid  mainly  for  anti-icing 
because  of  its  longer  holdover  time.  This  fluid  has  been 
i  ised  for  many  years  in  Europe  but  only  recently  in  the  U.S. 

EQUIPMENT/FACILITIES 

Facilities 

Type  II  fluid  is  stored  in  fiberglass  or  lined  steel  tanks. 
Stainless  steel  piping,  fittings  and  progressive  cavity 
pumps  are  used  to  transfer  the  fluid.  The  fluid  can  be 
stored  above  or  below  ground. 

Equipment 

We  use  both  proportioning  and  premix  Type  II  deicing 
trucks.  These  trucks  are  designed  to  spray  both  Type  I 
and  Type  II  fluids.  Special  piping,  pumps,  and  nozzles 
are  used  to  minimize  degradation  of  the  Type  II  fluid. 
The  water  and  Type  I  tanks  are  heated  and  the  Type  1 1 
tank  is  not. 
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TYPE  it  STATIONS 

Delta  currently  uses  Type  II  fluid  and  equipment  at 
ATL,  DFW,  CVG,  DCA,  DTW,  JFK,  ORD,  BOS.  These 
stations  were  chosen  based  on  weather  conditions, 
layover  aircraft,  number  of  flights,  past  delay  prob¬ 
lems,  etc. 

NOTE:  Type  II  fluids  are  used  to  provide  anti-icing 
protection.  Stations  will  use  Type  I  fluids  for  deicing 
and  Type  I  or  Type  II  fluids  for  anti-icing.  At  stations 
that  have  both  Type  I  and  Type  II  fluids,  the  preferred 
method  is  to  deice  with  heated  water  or  a  Type  I/water 
mixture  below  28°F  and  to  anti-ice  with  an  ambient 
undiluted  Type  II  fluid. 


Anti-icing 

To  provide  maximum  holdoverprotection  (time) ,  cold, 
undiluted  Type  II  fluid  is  applied.  The  flow,  pressure, 
and  spray  distance  are  reduced  as  compared  to  Type  I 
which  results  in  minimal  fluid  degradation. 

Type  II  is  best  utilized  when  maximum  holdover  time 
is  required  due  to  extended  aircraft  ground  time 
related  to  delays,  taxi  times,  layovers,  etc.  When 
Type  II  fluid  is  used  for  anti  icing,  any  additional  re¬ 
deicing  needed  is  much  easier  to  perform. 

Aircraft  surfaces  should  be  anti-iced  whenever  freez¬ 
ing  precipitation  conditions  are  occurring  or  antici¬ 
pated  or  to  prevent  surface  refreezing  after  deicing. 


FLUID  APPLICATION 

General  Procedures — The  standard  method  of  remov¬ 
ing  frozen  precipitation  from  the  aircraft  is  to  apply  a 
heated  liquid  (140-200°Fj  in  sufficient  amounts  to 
melt  the  existing  accumulation. 

1.  One  Step  Deicing 

One  step  deicing  is  accomplished  with  a  combination 
of  de/anti-icing  fluid  and  water  mixed  so  that  the 
freezing  point  of  the  residual  fluid  will  be  at  least  20°F 
below  the  outside  air  temperature.  The  deicing  and 
anti-icing  operations  are  performed  at  the  same  time. 

2.  Two  Step  Deicing 

The  first  .step  of  this  process  (deicing)  is  accomplished 
with  hot  water  or  a  mixture  of  hot  water  and  Type  I 
deicing  fluid.  Hot  water  can  be  used  at  ambient  tem¬ 
peratures  of  28°For  greater.  A  mixture  of  deicing  fluid 
and  water  with  a  freezing  point  no  greater  than  the 
outside  air  temperature  should  be  used  at  ambient 
temperatures  below  28°F. 

The  second  step  of  this  process  (anti-icing)  is  accom¬ 
plished  by  coating  the  aircraft  surfaces  with  undiluted 
Type  II  de/anti-icing  fluid  or  a  mixture  of  Type  I  fluid 
and  water  with  a  freezing  point  of  the  residual  fluid  at 
least  20°F  below  the  outside  air  temperature. 


SAFETY  CONSIDERATIONS 

1 .  The  Type  II  fluid  must  be  applied  in  a  manner  so  as 
to  remove  any  residual  Type  1  fluid  from  the  surface 
of  the  aircraft.  If  the  Type  I  fluid  is  not  removed,  it  can 
reduce  the  holdover  effectiveness  of  the  Type  11  fluid. 

2.  Do  not  apply  Type  II  fluid  forward  of  the  most 
forward  passenger  door  except  on  layover  aircraft. 
Cockpit  vision  could  be  obscured  if  residual  Type  II 
fluid  is  present  during  takeoff. 

3.  Do  not  use  Type  II  fluids  at  temperatures  below 
-13°F.  This  is  the  lowest  temperature  at  which 
Type  II  is  aerodynamically  acceptable  and  the 
lowest  temperature  at  which  a  20°F  differential 
between  outside  air  temperature  and  freezing  point 
will  be  maintained. 

4.  Low  precipitation  conditions  may  require  additional 
clean  up  of  Type  II  fluid  off  ramp  areas  due  to  its 
higher  viscosity. 

5.  All  other  precautions  for  Type  I  fluid  also  apply  to 
Type  II. 
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It  has  been  my  observation  over  the  past  30  years  that 
many  of  the  significant  advances  in  aviation  safety 
have  been  preceded  by  msyor  catastrophic  aircraft 
accidents.  It  would  appear  that  these  events  serve  as 
the  catalyst  for  accelerated  action  by  Government  and 
industry  to  implement  measures  designed  to  prevent 
a  similar  recurrence.  This  phenomenon  is  commonly 
known  as  the  ‘Tombstone  Effect."  High  visibility  avia¬ 
tion  accidents  accompanied  by  great  loss  of  life  serve 
as  the  trigger  to  spur  the  Government  and  industry 
into  action.  Examples  of  this  premise  include  the 
spectacular  Pacific  Southwest  Airlines  (PSA)  B-727/ 
Cessna  172  midair  collision  overthe  city  ofSan  Diego, 
California,  on  September  25, 1978,  which  claimed  144 
lives.  While  certainly  not  the  first,  midair  collision 
accident,  it  spawned  massive  changes  to  the  National 
Airspace  and  Air  Traffic  Control  System  including  the 
requirement  for  a  network  of  Terminal  Control  Areas 
which  are  still  in  place  today.  A  second  example  was 
the  Delta  L- 101 1  windshear  accident  which  occurred 
on  landing  approach  to  Dallas,  Texas,  on  August  2, 
1985,  and  claimed  the  lives  of  134  passengers  and  1 
person  on  the  ground.  While  this  accident  was  just  one 


of  many  m^jor  air  carrier  accidents  which  involved 
flight  into  thunderstorm/windshear  conditions,  it  was 
the  “straw  that  broke  the  camel’s  back”  and  brought 
into  sharp  focus  the  need  to  prevent  this  type  of 
unnecessary  accident.  It  resulted  in  a  msyor  effort  by 
a  combined  Govemment/industry  task  force  to  de¬ 
velop  and  implement  a  comprehensive  air  carrier 
training  program  designed  for  avoidance  of  and  recov¬ 
ery  from  penetration  into  thunderstorm/windshear 
conditions.  It  has  been  a  veiy  productive  and  success¬ 
ful  program. 

Although  not  considered  as  catastrophic  in  terms  of 
loss  of  life,  the  Aloha  Airlines  B-737  in-flight  structural 
breakup  accident  near  Maui,  Hawaii,  on  March  21, 
1990,  immediately  aroused  industry  attention  to  the 
problems  of  aging  aircraft.  It  resulted  in  the  formation 
of  an  international  task  force  of  Govemment/industiy 
experts  and  the  implementation  of  many  require¬ 
ments  to  correct  deficiencies  in  the  system. 
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It  is  surprising,  therefore,  that  the  Air  Florida  B-737 
accident  which  occurred  on  January  13,  1982,  and 
which  involved  significant  aircraft  icing/deicing  is¬ 
sues  did  not  prompt  the  type  of  action  as  did  these 
others.  As  you  may  recall,  that  airplane  crashed  after 
taking  off  in  a  snowstorm  from  Runway  36  at  Washing¬ 
ton  National  Airport.  It  struck  the  14th  Street  Bridge 
and  then  plunged  into  the  icy  Potomac  River. 

Seventy-four  of  the  79  persons  on  board  the  airplane  plus 
four  persons  on  the  bridge  were  killed  in  the  crash. 

The  accident  airplane  arrived  at  National  Airport’s 
Gate  12  from  Miami,  Florida,  at  1:29  p.m.  It  was 
scheduled  to  depart  as  Flight  90  at  2:15.  However, 
National  wasclosedforsnow removal  from  1:38  to2:53. 
Therefore,  the  departure  was  delayed. 

Heavy  to  moderate  snow  and  freezing  temperatures 
characterized  the  weather  conditions  for  most  of  the 
afternoon  at  the  airport. 

At  some  time  between  2:45  and  2:50,  the  captain 
requested  maintenance  to  deice  the  airplane.  The  left 
side  of  the  airplane  (including  its  fuselage,  tail,  wing, 
and  the  top  part  of  the  engine  pylon  and  cowling)  was 
deiced  with  a  heated  solution  of  30  to  40  percent  glycol 
and  water.  A  final  overspray  was  not  applied.  The 
deicing  vehicle  operatorwas  relieved  afterthe  work  on 
the  left  side  was  completed,  HLs  replacement  pro¬ 
ceeded  to  deice  the  airplane’s  right  side  with  heated 
water  followed  by  a  final  overspray  of  a  heated  solution 
of  20  to  30  percent  glycol  and  water.  At  3: 10  the  deicing 
was  completed.  Heavy  snow  was  falling  throughout  the 
entire  period. 

At  3:25  (deice  + 15  minutes),  Flight  90  was  cleared  for 
push  back,  but  the  tug  was  unable  to  move  the  air¬ 
plane.  Using  idle  reverse  thrust  for  about  30  seconds, 
the  captain  then  tried  to  “power  back”  from  the  gate.  The 
airplane  did  not  move  and  the  engines  were  shut  down. 


At  3:38  (deice  +  28  minutes),  push  back  was  com¬ 
pleted  with  a  new  tug,  and  Flight  90  joined  the  conga 
line  taxiing  to  the  departure  runway.  During  taxi,  the 
captain  and  the  first  officer  discussed  the  ice  and  snow 
on  their  airplane  and  others  in  the  conga  line.  Com¬ 
ments  on  the  CVR  confirm  that  both  the  captain  and 
the  first  officer  saw  ice  on  the  airplane’s  left  and  right 
wings.  The  moderate  snowfall  continued  throughout 
the  entire  time  the  flight  was  awaiting  takeoff. 

At  3:59  (deice  +  49  minutes)  Flight  90  was  cleared  for 
takeoff.  Three  seconds  after  the  “V-2”  callout,  the  stall 
warning  stickshaker  activated  and  continued  to  oper¬ 
ate  until  impact.  The  airplane  climbed  at  a  decreasing 
airspeed  to  an  altitude  of  about  350  feet,  then  de¬ 
scended  in  a  nose  high  stalled  condition  and  struck  the 
bridge.  The  distance  between  lift  off  and  the  impact 
point  was  about  one  mile. 

In  some  quarters  this  occurrence  is  not  considered  as 
purely  an  aircraft  icing  accident  in  that  the  takeoff  was 
attempted  with  an  inadvertent  and  significant  thrust 
deficient  condition.  This  was  due  to  the  fact  that  the 
engine  anti-ice  systems  had  not  been  turned  on  allow¬ 
ing  the  PT-2  probe  inlets  to  become  blocked  by  ice, 
thereby  causing  erroneous  readings  for  the  cockpit 
EPR  gauges. 

The  NTSB  stat  ed  that  the  causes  of  the  accident  were 
the  crew’s  failure  to  use  engine  anti-ice  during  ground 
operation  and  takeoff,  their  decision  to  take  off  with 
snow/ice  on  the  airplane’s  airfoil  surfaces,  and  the 
captain’s  failure  to  reject  the  takeoff  during  the  early 
stage  when  his  attention  was  called  to  anomalous 
engine  instrument  readings.  Contributing  causes  were 
the  prolonged  ground  delay  between  deicing  and  take¬ 
off,  the  known  inherent  pitchup  characteristics  of  the 
B-737  when  the  wing  leading  edge  is  contaminated 
with  even  small  amounts  of  snow  and  ice,  and  the 
limited  experience  of  the  flightcrew  in  jet  transport 
winter  operations. 


This  probable  cause  includes  most,  if  not  all,  of  the 
icing'deicing  issues  presented  in  the  recent  USAir 
Fokker  FK-28  accident  which  occurred  during  takeoff 
from  Runway  13  at  LaGuardia  Airport  on  March  12, 
1992.  Twenty-seven  of  the  51  persons  on  board  the 
flight  died  in  the  accident.  Twenty-four  persons  in¬ 
cluding  the  first  officer  survived  the  crash  and  the 
freezing  waters  of  the  bay. 
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The  airplane  arrived  at  LaGuardia  from  Jacksonville, 
Florida,  at  7:49  p.m.  At  that  time  and  during  the  entire 
ground  period  up  to  and  including  the  time  of  the 
accident,  it  was  snowing  at  the  rate  of  one  inch  per 
hour.  The  temperature  and  dew  point  were  32°  F  and 
31°  F  respectively. 

At  8:25  the  flight  requested  and  received  deicing.  A 
heated  solution  of  55  percent  glycol  and  water  was 
used  in  this  process.  After  the  completion  of  the 
deicing,  the  truck  that  had  deiced  the  right  side  of  the 
aircraft  stalled  behind  the  aircraft — blocking  its 
pushback  for  departure.  At  8:50  the  stalled  deice  truck 
was  started  and  was  used  for  another  final  deicing 
which  was  completed  at  9:00.  The  flight  was  then 
pushed  back  and  departed  the  gate  area.  At  that  time 
the  flight  was  about  number  15  in  line  for  departure. 


both  cases  there  was  a  continuous  snow  condition 
combined  with  freezing  temperatures,  (4)  there  was 
snow/ice  accumulations  on  the  airfoil  surfaces  of  both 
airplaneson  takeoff,  and  (5)  neither  aircraft  were  able 
to  sustain  flight. 

There  has  been  a  total  of  14  jet  transport  accidents 
attributable  to  ice  accumulation  over  the  past  24  years. 
1  think  it  is  significant  to  note  that  nine  of  the  accidents 
involved  DC-9-10and  Fokker  FK-28  airplanes — five  for 
DC-9- 10  aircraft  and  four  for  FK-28’s.  (These  numbers 
do  not  include  the  recent  USAir  FK-28  accident  which 
is  still  under  investigation.)  In  eight  of  these  accidents 
no  deicing  was  performed.  All  of  the  14  accidents 
occurred  in  freezing  temperature  conditions  and  only 
three  of  the  accidents  involved  airplanes  with  leading 
edge  devices,  two  of  which  were  B-737’s. (1) 
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The  first  officer  stated  that  they  taxied  with  both 
engines  running,  that  engine  anti-ice  was  on,  and  that 
he  and  the  captain  used  the  ice  light  to  check  the 
wings  for  ice  numerous  times.  He  said  that  the  painted 
black  stripes  on  the  wings’  leading  edges  were  clear 
and  that  they  did  not  see  any  accumulations  of  snow 
and/or  ice  on  the  uppersurfacesof  the  wings.  However, 
only  the  outboard  portion  of  the  wings  could  be  seen 
from  the  cockpit.  Several  passengers  stated  that  they 
had  seen  accumulations  of  ice  on  the  wings  after  they 
left  the  gate  and  that  neither  the  captain  nor  the  first 
officer  had  inspected  the  wings  through  the  passenger 
cabin  windows. 

The  takeoff  was  commenced  at  9:35  about  35  minutes 
after  the  last  deicing  was  completed.  They  used  a 
reduced  V-l  speed  and  18  degrees  of  flap  for  takeoff. 
The  first  officer  stated  that  the  takeoff  roll  was  normal 
through  rotation  and  to  a  15-degree  noseup  pitch 
attitude.  As  the  airplane  broke  ground,  a“pronounced” 
buffet  began,  the  left  wing  dropped,  and  the  aircraft 
contacted  the  ground,  struck  an  antenna  array  build¬ 
ing,  and  slid  over  the  seawall  inverted  into  the  bay. 

As  you  can  see,  there  are  some  obvious  common 
elements  between  these  two  accidents:  (1)  both  air¬ 
craft  received  fairly  extensive  deicing  with  a  glycol 
deicing  fluid  mixture,  (2)  both  flights  experienced 
considerable  delay  between  the  completion  of  the 
deicing  procedure  and  clearance  for  takeoff,  (3)  in 


It  is  obvious  that  statistics  by  themselves  are  of  little 
value;  however,  these  accidents  and  accident  histories 
can  help  point  the  way  to  the  solutions  we  are  looking 
for.  In  this  light  there  has  been  significant  and  exten¬ 
sive  work  already  accomplished  by  the  SAE  and  ISO 
committees  with  respect  to  aircraft  deicing  issues.  I 
would  hope  that  this  conference  will  examine  and 
expand  upon  the  recommended  standards  already 
proposed  by  those  committees  concerning  the  compo¬ 
sition  of  deicing  fluids  and  the  procedures  and  equip¬ 
ment  required  to  properly  apply  these  fluids.  Also,  the 
proposed  holdover  times  applicable  to  these  deicing 
fluids  under  varying  conditions  should  be  comprehen¬ 
sively  reviewed  and  made  available  to  pilots  in  an  easily 
understood  format.  It  follows  that  a  better  methodol¬ 
ogy  or  procedure  may  be  required  to  assist  the  pilot  in 
determining  if  there  is  ice/snow  contamination  of  the 
airfoil  surfaces  prior  to  takeoff.  Under  certain  condi¬ 
tions  it  may  be  impossible  to  make  this  determination 
from  inside  the  airplane  and  an  inspection  from  out¬ 
side  the  airplane  before  takeoff  may  be  required.  This 
issue  should  be  carefully  examined. 

("  Information  in  this  paragraph  was  extracted from 
apresentatim  by  Timothy  J.  Logan,  Manager,  Flight 
Safety,  Northwest  Airlines,  to  the  Air  Transport  Asso¬ 
ciation  on  May  14, 1992. 
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I  would  also  propose  that  this  conference  make  clear 
recommendations  as  to  the  necessity  for  improved 
procedures  and  coordination  by  the  air  traffic  control 
system  to  ensure  a  minimum  period  between  the  time  an 
aircraft  is  deiced  and  its  clearance  for  takeoff.  It  may  be 
appropriate  to  review  the  full  scope  of  aircraft  deicing 
procedures  used  at  those  airports  where  icing  conditions 
are  prevalent  todetemiine  ifspecial  ATC  or  airport  deicing 
procedures  may  be  necessaiy  in  these  areas. 

Based  on  our  review  of  aircraft  icing  accidents,  it  is 
also  apparent  that  transport  aircraft  without  wing 
leading  edge  devices  seem  to  be  more  susceptible  to 
airfoil  ice  contamination  than  those  airplanes  with 
leading  edge  devices.  This  conference  should  review 
this  aspect  of  the  icing  issues  to  determine  if  special 
conditions  or  considerations  should  be  applied  to 
those  aircraft. 


In  conclusion,  the  loss  of  life  in  the  Air  Florida  accident 
and  again  in  the  USAir  crash  are  tragedies  that  must 
not  be  repeated.  We  do  not  need  another  accident  or 
the  “Tombstone  Effect”  to  launch  the  many  initiatives 
that  this  conference  has  been  called  to  consider.  It  is 
of  great  benefit  to  the  aviation  industry  to  have  the  best 
technical  experts  in  the  field  meet  together  to  discuss 
and  resolve  some  of  these  challenging  issues.  The 
entire  industry  will  look  forward  to  the  results  of  this 
conference. 


DR.  MICHAEL  S.  JARRELL 


SAE  TYPE  I  AIRCRAFT  DEICING/ANTI-ICING  FLUIDS 


Dr.  Michael  S.  Jarrell 

Union  Carbide  Chemicals  and  Plastics  Co.,  Inc. 


Union  Carbide  Chemicals 
and  Plastics  Co.,  Inc. 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 


Recently,  there  has  been  some  discussion  -  and  much 
confusion  -  about  the  role  that  “Type  I”  and  “  Type  II” 
fluids  should  play  in  air  transport  winter  operations.  I 
hope  to  clear  up  some  of  the  misconceptions  and 
provide  asolid  foundation  forthe  discussions  to  follow. 

Let’s  begin  with  two  important  definitions  (ILLUS¬ 
TRATION  1).  AIRCRAFT  DEICING  is  the  procedure 
by  which  frost,  ice,  or  snow  Is  REMOVED  from  the 
aircraft  in  order  to  provide  clean  surfaces.  AIRCRAFT 
ANTI-ICING  is  the  procedure  which  provides  PRO¬ 
TECTION  against  the  formation  of  frost  or  ice  and 
accumulation  of  snow  or  slush  on  clean  surfaces  of  the 
aircraft  for  a  LIMITED  period  of  time.  These  defini¬ 
tions  are  taken  from  Aerospace  Recommended  Prac¬ 
tice  4737,  Aircraft  Deicing/Anti-icing  Methods  with 
Liquids,  which  will  be  discussed  later.  Remember  that 
DEICING  implies  REMOVAI  ind  ANTI-ICING  implies 
PROTECTION. 

Deicing  of  aircraft  is  accomplished  by  the  application 
of  heat  and  pressure  -  heat  to  melt  frozen  deposits  and 
break  the  bond  between  them  and  the  surface,  and 
pressure  to  dislodge  the  freed  deposits. 


Hot  water  can  be  used  to  deice  aircraft,  but  a  combina¬ 
tion  of  water  with  a  suitable  freeze  depressant  is 
advisable  to  prevent  the  deiced  surfaces  from  immedi¬ 
ately  refreezing.  FAAAdvisoryCircular  20-117  directs 
that  the  freeze  point  of  the  deicing  fluid  be  at  least  10°C 
lower  than  the  outside  air  temperature. 

Mixtures  of  glycol  and  water  are  used  to  obtain  the 
necessary  freeze  point  depression.  Glycols  are  the  only 
chemicals  currently  approved  for  use  to  deice  aircraft. 
Ethylene  glycol ,  propylene  glycol,  diethylene  glycol,  or 
mixtures  of  these  glycols  with  water  can  be  used.  The 
slide  (ILLUSTRATION  2)  shows  the  freezing  point  of 
glycol-water  mixture  as  a  function  of  glycol  content. 
Mixtures  containing  40  to  60  percent  by  weight  glycols 
are  suitable  for  deicing  aircraft  down  to  at  least  -20°C. 

Glycols  are  especially  suitable  for  deicing  because 
their  mixtures  with  water  have  low  freeze  points,  are 
nonflammable,  are  effective  deicers,  are  not  harmful 
to  the  materials  of  construction  of  aircraft  or  airports, 
and  do  not  persist  in  the  environment  after  use. 
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From  the  first  use  of  these  fluids,  the  military  and  air¬ 
frame  manufacturers  set  strict  requirements  on  them 
to  assure  that  they  would  not  harm  aircraft  materials 
of  construction  (ILLUSTRATION  3).  In  1981, the  Aero¬ 
space  Division  of  the  Society  of  Automotive  Engineers 
(SAE)  combined  these  materials  compatibility  require¬ 
ments  with  additional  compositional  and  quality  re¬ 
quirements  to  create  industry  specifications  for  deic¬ 
ing  fluids:  AMS  1425  for  ethylene  glycol  base  deicers 
and  AMS  1427  for  propylene  glycol  base  deicers. 

This  brings  us  to  MISCONCEPTION  #1  -  that  “'type  I” 
and  “Type  II”  are  related  to  “Mil-spec”  fluids  (ILLUS¬ 
TRATION  4).  This  is  incorrect,  and  an  unfortunate 
consequence  of  the  fact  the  Europeans  inadvertently 
adopted  the  same  terminology  to  refer  to  deicing  and 
anti-icing  as  that  adopted  thirty  years  ago  by  the  U.S. 
militaiy  to  refer  to  military  deicer  formulations.  The 
two  are  in  no  way  connected.  To  avoid  confusion,  one 
should  always  say  “SAE  Type  I"  or  “mil-spec  Type  I”. 
If  I  forge  t  to  do  that  today  and  say  “Type  I”,  I  mean  “SAE 
Type  I”. 


Aircraft  DEICING  fluids  -  as  their  name  implies  - 
were  specifically  designed  to  DEICE,  that  is,  to  RE¬ 
MOVE  frozen  deposits.  In  the  absence  of  continuing 
freezing  precipitation  -  snow,  frost,  or  freezing  rain  - 
the  deicingfluid  left  on  the  aircraft  will  not  freeze  if  the 
10°C  buffer  is  observed. 


However,  inth  ^presence  of  freezing  precipitation,  the 
glycol  content  of  the  fluid  on  the  aircraft  will  be 
reduced  by  dilution  with  the  precipitation  until  it 
begins  to  freeze,  and  frozen  deposits  will  then  form 
and  accumulate.  The  time  after  deicing  before  this 
occurs  depends  on  the  specific  weather  conditions 
and  a  number  of  other  factors  as  will  be  discussed 
later.  No  “real-world”  measurements  of  PROTECTION 
time  have  been  attempted  with  deicing  fluids  (to  my 
knowledge).  However,  experience  in  winter  opera¬ 
tions  with  these  fluids  over  the  past  thirty  years  indi¬ 
cates  that  there  is  a  finite  PROTECTION  time  ranging 
from  a  few  minutes  to  30  minutes  or  more. 

In  response  to  a  need  for  extended  PROTECTION 
times  in  certain  winter  operations,  deicing  fluids  were 
developed  in  Europe  in  the  early  1980’s  with  a  poly¬ 
meric  thickener.  The  term  "Type  II”  was  coined  for 
these  fluids.  The  traditional  unthickened  deicing  flu¬ 
ids  came  to  be  referred  to  as  "Type  I”  fluids.  This 


nomenclature  has  spread  to  North  America  as  airlines 
have  begun  to  evaluate  the  use  of  “Type  II”  fluids  in 
their  winter  operations. 

This  brings  us  to  MISCONCEPTION  #2  -  “Propylene 
glycol  fluids  are  Type  II  fluids”,  or  some  similar  varia¬ 
tion  (ILLUSTRATION  5).  Fluid  “type”  is  unrelated  to 
glycol  type.  SAE  TYPE  II  FLUIDS  CONTAIN  A  THICK¬ 
ENING  AGENT;  SAE  TYPE  I  FLUIDS  DO  NOT.  ANY 
glycol  can  be  used  to  make  SAE  Type  I  or  SAE  Type  II 
fluids,  as  long  as  the  fluids  meet  all  of  the  requirements 
in  the  relevant  specification. 

How  do  SAE  Type  I  fluids  differ  from  the  deicing  fluids 
that  have  been  used  in  North  America  for  over  thirty 
years?  This  is  best  seen  by  looking  at  the  requirements 
which  these  fluids  must  meet.  They  may  be  divided 
into  three  categories: 

•  Physical  Properties,  for  Quality  Assurance  (ILLUS¬ 
TRATION  6)  -  These  properties  are  measured  to 
assure  that  the  lot-to-lot  production  of  the  fluid  is 
reproducible.  Lack  of  variation  in  these  properties 
is  taken  as  evidence  that  the  fluid  supplied  to  a 
customer  will  meet  the  performance  requirements. 
These  requirements  are  the  same  for  fluids  which 
meet  old  SAE  specifications  and  fluids  which  meet 
the  new  SAE  Type  I  specification. 

•  Operational  Characteristics  (ILLUSTRATION  7)  - 
These  properties  may  AFFECT  the  performance  of 
the  fluid,  and  must  be  monitored.  For  example,  a 
fluid  which  displays  poor  hard  water  stability  may 
precipitate  its  corrosion  inhibitors  in  the  presence 
of  hard  water,  causing  increased  corrosion  or  clog¬ 
ging  spray  equipment.  Again,  the  requirements  here 
are  the  same  for  the  old  SAE  deicing  fluids  and  the 
new  SAE  deicing  Type  I  fluids. 

•  Performance  Requirements  (ILLUSTRATION  8)  - 
These  minimum  requirements  are  the  assure  that 
fluids  are  safe  for  application,  will  provide  the 
expected  freeze  point  depression,  will  not  harm 
the  aircraft.  Additionally,  SAE  Type  I  deicing/anti¬ 
icing  fluids  must  meet  two  new  requirements  which 
are  not  contained  in  SAE  specifications  AMS  1425 
and  AMS  1427. 

One  new  requirement  is  that  the  fluid  by  itself  not 
adversely  affect  the  aerodynamic  performance  of  the 
aircraft.  Early  European  “Type  11”  deicing/anti-icing 


fluids  caused  unacceptable  lift  losses  due  to  the  re¬ 
sidual  fluid  film  on  the  wing  at  take-off.  These  observa¬ 
tions  were  confirmed  by  wind  tunnel  and  flight  testing, 
and  a  laboratory  test  procedure  was  developed  to 
assure  that  all  deicing  and  anti-icing  fluids  approved 
for  use  on  jet  transport  aircraft  yield  an  “aerodynami- 
cally-clean”wing.The“aerodynamics acceptance  test”, 
finalized  just  this  April,  is  applied  to  both  SAE  Type  I 
and  SAE  Type  II  fluids.  “Type  I”  fluids  typically  meet  this 
requirement  easily,  because  they  contain  no  thickeners. 

The  second  new  requirement  for  SAE  Type  I  fluids  is 
forminimumanti-icingperformance.Alaboratorytest 
was  developed  to  rank  the  anti-icing  capabilities  of 
fluids.  The  test  involves  the  formation  of  ice  on  a 
canted  aluminum  panel  coated  with  deicing  fluid  and 
placed  in  a  cold  freezing  mist.  ‘Type  I”  fluids  must 
meet  or  exceed  a  three  minute  WSET,  or  Wet  Spray 
Endurance  Time,  and  a  20  minute  HHET,  or  High 
Humidity  Endurance  Time,  in  this  test.  For  SAE 
Type  I  fluids,  good  wetting  properties  are  critical  to 
passing  this  test. 

The  overlap  between  existing  deicing  fluid  specifica¬ 
tions  is  slight  (ILLUSTRATION  9).  “Mil-spec”  fluids 
cannot  meet  the  requirements  for  AMS  1425,  and  may 
or  may  not  meet  the  requirements  of  the  current 
version  of  AMS  1427.  They  will  not  meet  the  anti-icing 
performance  requirements  of  the  SAE  Type  I  fluid 
specification.  Some  fluids  which  meet  all  require¬ 
ments  of  AMS  1425or  AMS  1427  may  not  meet  the  SAE 
Type  I  anti-icing  requirement  because  they  display 
poor  wetting  characteristics. 

The  status  of  “Type  I"  deicing/anti-icing  fluid  specifi¬ 
cations  is  shown  here  (ILLUSTRATION  10).  Specifi- 
catioas  proposed  by  the  International  Standards  Or¬ 
ganization  (ISO)  and  SAE  are  based  on  the  original 
specification  by  the  Association  of  European  Airlines 
(AEA),  and  are  functionally  equivalent.  Anyplace  I 
have  said  “SAE  Type  I”  in  this  talk,  you  can  substitute 
“AKA  Type  I”  or  “ISO  Type  I”.  The  ISO  and  SAE 
spec  ifications  are  in  ballot  or  final  approval  and  should 
be  issued  by  the  end  of  this  year. 

SAE  Type  II  fluidsclearly  will  provide  longer  PROTEC¬ 
TION  to  the  aircraft  in  periods  of  freezing  precipitation. 
Will  -  or  should  -  “Type  1”  deicing  fluids  be  replaced 
entirely  by  “Type  II"  fluids?  In  a  word  -  NO.  “Type  I" 
fluids  have  clear  advantages  over  “Type  II”  fluids  in 


their  simplicity  of  manufacture,  storage  and  handling, 
and  use,  and  in  their  superior  aerodynamic  performance. 

There  are  several  applications  where  ‘Type  I"  fluids  will  - 
or  must  -  continue  to  be  used  (ILLUSTRATION  11). 

•  For  aircraft  deicing  in  the  absence  of  continuing 
freezing  precipitation,  or  as  the  first  step  of  a  two- 
step  deicing/anti-icing  procedure,  “Type  I'  fluids  are 
preferred  because  they  have  a  lower  freezing  point 
and  put  fewer  chemicals  into  the  environment  than 
do  diluted  “Type  II”  fluids. 

•  The  use  of  “Type  II”  fluids  may  not  be  necessary  at 
airports  where  taxi  times  are  short  or  end-of-the- 
runway  deicing  facilities  are  available.  The  simplest 
fluid  which  meets  the  needs  is  the  best  choice. 

•  Many  airports  are  looking  at  deicer  collection  facili¬ 
ties  to  recover,  and  perhaps  recycle,  fluids. 
Unthickened  “Type  I”  fluids  will  \  i  easier  to  accom¬ 
modate  in  such  a  facility,  particularly  if  they  contain 
a  single  glycol  component. 

•  And  “Type  I”  fluids  are  at  present  the  only  fluids 
which  are  approved  for  use  on  many  commuter  and 
general  aviation  aircraft  -  “Type  II"  fluids  are 
accepted  only  for  use  on  transport  aircraft  with 
rotational  speeds  exceeding  85  knots. 

In  summary,  “Type  I”  aircraft  deicing  fluids  have  proven 
their  value  to  the  air  transport  industry  for  over  thirty 
years,  and  will  continue  to  play  an  important  part  in 
airline  winter  operations  in  the  future. 
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(ILLUSTRATION  1) 


AIRCRAFT  DEICING: 

A  procedure  by  which  frost,  ice,  or  snow 
is  REMOVED  from  the  aircraft  in  order 
to  provide  clean  surfaces 


AIRCRAFT  ANTI-ICING: 

A  procedure  which  provides 
PROTECTION  against  the  formation  of 
frost  or  ice  and  accumulation  of  snow  or 
slush  on  clean  surfaces  of  the  aircraft  for  a 
LIMITED  period  of  time 


(Source:  SAE  ARP4737,  Aircraft  Deicing/Anti-icing 
Methods  with  Fluids,  for  Large  Transport  Aircraft) 
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(ILLUSTRATION  2) 

Freezing  Points  of  Aqueous  Glycol  Solutions 
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(ILLUSTRATION  3) 

DEICING  FLUID  SPECIFICATIONS 

MILITARY 

MIL-A-8243  (“Type  I”  and  “Type  II”) 

AIRFRAME  MANUFACTURERS 

Boeing  D6- 17487 
Douglas  CSD#1 

SAE 

AMS  1425  -  ADF,  Ethylene  Glycol  Base 
AMS  1427  -  ADF,  Propylene  Glycol  Base 
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(ILLUSTRATION  4) 


MISCONCEPTION  #1 


“Type  I”  and  “Type  II”  terminology 
being  used  today  is  related  to  the 
military  specification  formulations 


REALITY 


SAE  Type  I  and  SAE  Type  II  have  no 
relationship  to  Mil-spec  “Type  I”  and 
“Type  II”  terminology.  Mil-spec  fluids 
are  generically  like  SAE  Type  I  fluids, 
but  do  not  meet  requirements  for  either 
SAE  Type  I  or  SAE  type  II 
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(ILLUSTRATION  5) 


MISCONCEPTION  #2 


“Propylene  glycol  fluids  are  Type  II”, 
“type  I  fluids  contain  ethylene  glycol”, 
or  similar. 


REALITY 


Fluid  “type”  is  unrelated  to  glycol  type. 
SAE  type  II  fluids  contain  a  thickening 
agent;  SAE  type  I  fluids  do  not.  They 
must  meet  different  specifications. 
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(ILLUSTRATION  6) 


Working  Group  4 
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continued 


“TYPE  I”  FLUID  SPECIFICATIONS 

PHYSICAL  PROPERTIES 
(QUALITY  ASSURANCE) 


Reauirement 

AMS  1425/ 
AMS  1427 

SAE  Tvpe  I 

Specific  Gravity 

Conform 

Conform 

Surface  Tension 

Conform 

Conform 

Refractive  Index 

Conform 

Conform 

Viscosity 

Conform 

Conform 

pH 

Conform 

Conform 
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(ILLUSTRATION  7) 


“TYPE  I”  FLUID  SPECIFICATIONS 


OPERATIONAL  CHARACTERISTICS 


Reauirement 

AMS  1425/ 
AMS  1427 

SAE  Tvpe  I 

Storage  Stability 

Conform 

Conform 

Thermal  Stability 

Conform 

Conform 

Hard  Water  Stability 

Conform 

Conform 

Color 

Conform 

Conform 

BOD/Environmental 

Informational 

Informational 

Toxicity 

Informational 

Informational 
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(ILLUSTRATION  8) 
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“TYPE  I”  FLUID  SPECIFICATIONS 


PERFORMANCE  REQUIREMENTS 


Requirement 

AMS  1425/ 
AMS  1427 

SAE  TvDe  I 

Flash  Point 

>100°C 

>100°C 

Freezing  Point 

<-20°C 

<-20°C 

Materials  Compatibility 

Conform 

Conform 

Aerodynamics 

Anti-icing  Performance 

Conform 

Conform 

WSET 

NONE 

>3  minutes 

HHET 

NONE 

>20  minutes 
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(ILLUSTRATION  9) 


S  AE  “Type  I”  Deicing/Anti-icing  Fluid 

Relationship  to  ‘Traditional”  Deicing  Fluids 
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(ILLUSTRATION  10) 


“TYPE  I”  FLUID  SPECIFICATIONS 

INDUSTRY  ASSOCIATIONS 

AEA  “Type  I”  De/Anti-Icing  Fluid 
Status:  Approved 
Latest  Revision:  November  1991 

ISO  “Type  I”  De/Anti-Icing  Fluid 
Status: .  DIS  11075  in  final  ballot 

SAE  AMS  1424  -  SAE  “Type  I”  Deicing/ 
Anti-Icing  Fluid  (J90BF) 

Status:  J90BF-2  being  balloted  by 
SAE  J(AMCM) 
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(ILLUSTRATION  II) 

Working  Group  4 
Deicing  Personnel, 

Procedures,  and  Training 
continued 

“TYPE  I”  FLUID  APPLICATIONS 


Deicing  in  the  Absence  of  Freezing 

Precipitation 

*** 

Step  1  of  a  2-Step  Deicing/Anti-Icing 

Procedure 

*** 

Short  Taxi  Times 
*** 

End-of-Runway  Deicing 

*** 

Glycol  Collection/Recycle  Facilities 

*** 

Commuter/General  Aviation  Aircraft 
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TYPE  1  mils.  (5 Q/E91  BfitiBg.YER  TIME  (MINUTES) 
PRECIPITATION  WATER  CONTENT 


IW(deqF) 

YEAR 

0-10 (Liaht) 

(g/d3/hr) 
11-30 (Med . ) 

306Above (Heavy) 

Above  33 

89 

NO  DATA 

Avg-1 

Range-N/A 

TestS'l 

Avg«3.8* 
Range-3 .3-3 . 3 
Tests-3 

Above  33 

90 

Avg-30 .3 

Range-0 

Tests»3 

Avg-3 . 7 
Range«3 . 3-4 . 
Tests-3 

NO  DATA 
.5 

33  to  19 

89  > 

Avg-11 . 8 

Range-6-17 

Tests«6 

NO  DATA 

NO  DATA 

33  to  19 

90 

Avg-13.7 

Range-3-38 

Tests'll 

Avg«10.7 
Range'S- 36 
Tests'10 

Avg-4 . 1 

Range-3-5 

Tests-5 

Blwl9  to  7 

89 

NO  DATA 

NO  DATA 

NO  DATA 

Blwl9  to  7 

90 

Avg«8 . 8 

Range-5-13 

Tests-4 

Avg'4 . 0 
Range'0 
Tests'3 

NO  DATA 

Blw7  to  -13 

89 

Avg-4 . 3 

Range-3-7 

Tests-3 

NO  DATA 

NO  DATA 

Bl»7  to  -13 

90 

NO  DATA 

NO  DATA 

NO  DATA 

TABLE  1 
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TYPE  II  FLUID  (CONC.)  HOLDOVER  TIME  iaUfflXE&i. 

PRECIPITATION  WATER  CgjSBS 


TEMP (deoF) 

YEAR 

O-lOILioht) 

Above  32 

89 

Avg-47 

Range«29-65 

Test»-2 

Above  32 

90 

Avg*61.3 

Range*52-72 

Tasts»12 

32  to  19 

89 

Avg-60.6 

Range«36-87 

Tests»12 

32  to  19 

90 

Avg*48 . 4 

Range»21-69 

Tests»30 

Blwl9  to  7 

89 

Avg*33.7 

Range*31-36 

Tests=3 

B1W19  to  7 

90 

Avg-24 

Range=13-36 

Tests=8 

Blw7  to  -13 

89 

NO  DATA 

Blw7  to  -13 

90 

NO  DATA 

<g/d2/hr) 


11-20 (Med . ) 

206Above (Heavy) 

NO  DATA 

Avg»25.8 

Range«17-36 

Tests>4 

Avg«32 

Range=N/A 

Tests«l 

NO  DATA 

Avg«18 

Range»N/A 

Tests=l 

NO  DATA 

Avg-29.5 
Range*15-43 
Tes ts-30 

Avg-20.2 

Range=»16-32 

Tes ts*18 

NO  DATA 

A vg ■ 2  9 . 2 

Range«N/A 

Tests=«l 

Avg-35.8 

Range*35-37 

Tests*4 

Avg«11.7 

Range«N/A 

Tests=*l 

NO  DATA 

NO  DATA 

NO  DATA 

NO  DATA 

TABLE  4 


HOLDOVER  TIME  TEST  RESULTS 

UNITED  AIRLINES  -  1990/91 

AVERAGE  HOLDOVER  TIME  (minutes) 

80  | . . . . . . 

I 


0 - - • — - - - - - - — — — ' —  • — - 

0  10  20  30  40  50  60 

WATER  CONTENT  <g/d2/hr) 


-  TYPE  II  FLUIDS  TYPE  I  FLUIDS 


SFOEG  4/9!  DEN/ORD 
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HOLDOVER  TIME  TEST  RESULTS 

UNITED  AIRLINES  -  1990/91 


HOLDOVER  TIME  (minutes) 


TYPE  I  FLUIDS 


10  20  30  40  ! 

WATER  CONTENT  <g/d2/hr) 

O  DOW  146AR  50/50  *  OCT  ADF*  60/50  0  UCAfi  A0F2D  50/50 


HOLDOVER  TIME  TEST  RESULTS 

UNITED  AIRLINES  -  1990/91 


HOLDOVER  TIME  (minutes) 


TYPE  II  FLUIDS 


6  u- 
:  p  yj. 

I  *  It 

1  6 


20  30  40 

WATER  CONTENT  (g/d2/hr) 


<  OOW  2000  /  100  %  o  KIL  A6C3  /  100  %  *  OCT  -40  /  100  % 
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HOLDOVER  TIME  TEST  RESULTS 

UNITED  AIRLINES  -  1990/91 


HOLDOVER  TIME  (minutes) 


TYPE  II  FLUIDS 


20  30  40 

WATER  CONTENT  (g/d2/hr) 


°  KIL  ABC3  /  100  % 


SFOEG  4/91 


DEN/ORD 


FLUID/UIXTURE 

HOLDOVER  TIME  -  UA  TEST  RESULTS  AT  DENVER  •  WINTER  1991/1992 
TESTS  COMPARED  FROSHCATOR  PANELS  AND  737  AIRCRAFT  WMG 

PANEL  AIRCRAFT  PANEL  AIRCRAFT 

TYPE  M20CONT  ICE  FRONT  ICE  FRONT  SHOW  ACCUM  SNOW  ACC UU  PREC1P 
iq/d?/hr)  (min)  (min)  (min)  (min) 

TEMP 
N*«9  FI 

WINO 

lm*h| 

R-R. 

1%) 

SNOW  RATS 

(ln/A/1 

KIL  AOCl/IOO-O 

II 

1)9.0 

7 

7 

ICO  SNOW 

32 

29 

93 

KIL  A003/100  0 

II 

99  0 

10 

12 

NED SNOW 

32 

29 

93 

2  ft 

KIL  ABC 3/100  0 

II 

69  0 

13 

13 

LCD SNOW 

32 

34 

tt 

KIL  ABC3/I000 

II 

4)  0 

15 

15 

LCD  SNOW 

30 

29 

93 

30 

KIL  AOC3MOO  0 

II 

34  0 

19 

19 

LCD  SNOW 

31 

34 

99 

KIL  ADC3M00  0 

ii 

21.0 

24 

24 

LCD  SNOW 

SO 

2t 

91 

Kll  ADC  3/100  0 

It 

13  6 

33 

33 

LCD  SNOW 

29 

32 

93 

KIL  AQC3/100  0 

H 

21 

91 

91 

MED  SNOW 

29 

79 

MCAS 

COUNT.  S 

MtJIIAUfA: 

7 

7 

MAJOMUM 

9) 

91 

TEX  WO 30/40- 60 

1 

199  0 

4 

4 

MED  SNOW 

32 

34 

99 

1.9 

TtX  W03 0/40  60 

1 

•9  0 

9 

9 

LCD  SNOW 

29 

34 

93 

1.2 

TEX  WD30  40  60 

1 

•SO 

5 

5 

LCD  SNOW 

32 

23 

90 

99 

TCX  V/D10  40  CO 

1 

39  0 

9 

9 

LCD  SNOW 

30 

29 

92 

1.2 

TLX  WO3O-40  60 

1 

32  0 

7 

7 

ICDSNOW 

30 

32 

9.* 

1.1 

TCX  V/030/40  60 

1 

25  0 

9 

9 

MED  SNOW 

30 

29 

90 

1.0 

TLX  WD30  40  60 

1 

9  9 

19 

19 

LT  SHOW 

29 

20 

90 

02 

CCXNT  7 

MlfNMUM 

« 

9 

4 

4 

9 

• 

19 

16 

TEX  WD30/50  50 

1 

19  0 

10 

10 

ICO  SNOW 

31 

92 

90 

MCAS 

TEX  W030/50  50 

1 

12  2 

19 

19 

LT  SNOW 

19 

10 

99 

r* 

TEX  WD  30/50- 50 

1 

9  2 

19 

19 

LT  SNOW 

32 

3  4 

17 

MCAS 

TEX  WO  30/50  50 

1 

9  0 

19 

19 

IT  SNOW 

19 

19 

95 

04 

TEX  W030/50  50 

1 

5  7 

33 

33 

LT  SNOW 

32 

10 

92 

MCAS 

TCX  WD3IV50  SO 

1 

3  2 

35 

35 

LT  SNOW 

30 

4 

79 

MCAS 

TEX  WU30/50  50 

1 

2  5 

45 

45 

IT  SNOW 

17 

10 

99 

02 

CO»  NT  7 

MINIMUM : 

10 

10 

19 

19 

WAXJLlA.t 

35 

35 

45 

45 

CUUNI  72 
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MURRAY  KUPERMAN 

United  Airlines 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued 


S^iyyMG 


E 


UN  ii.i  '4)i 

I ■ I : I i  lit' 


m 


DUDjESl 


■■ssnsH 

TIPLCup  1TEAACO  'WO  » 

ddoJati-i-l  ajo/io .  > 

-H-H-Ht-i  Hri  - 

WUU\> !  Ctt 

£32S-ij:i 

F*oyTA<3C  i 
*¥'°  *  : 

:  main  j- 
I’LLUi!  i. 

ij  M  '  .  .; 

-■-iti-fi  | 

J  i]Ti!: 
:J  i!  Iji 

. J.  m  i.i  j 
~1  !  i  i  i  !  j 

:  h 

: : :  j;l:J !  i ! 
StlxJd  H 

“*"! — n — ! — r 

•i ; '  , 

1L*.  ■  : 
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Deicing  Personnel, 
Procedures,  and  Training 
continued 


Guideline  for  Holdover  Times  Anticipated  for  SAE  Type  I  Fluid  Mixture 
as  a  Function  of  Weather  Conditions  and  OAT 


THE  RESPONSIBILITY  FOR  THE  APPLICATION  OF  THESE  DATA  REMAINS  WITH  THE  USER  AND  SHOULD  ONLY 
BE  USED  IN  CONJUNCTION  WITH  THE  SAE  METHODS  DOCUMENT  (SEE  CAUTIONS) 

FP  Of  SAE  Type  I  Fluid  Mixture  Must  be  at  least  10°C{18°F)  below  OAT 


OAT  Approximate  Holdover  Times  Under  Various  Weather 

Conditions  (hours:  minutes) 


FREEZING  RAIN  ON 
RAIN  COLD 

SOAKED  WING 


0:18-0:45  |  0:12-0:30  0:06-0:15  0:02-0:05  I  0:06-0:15 


0  and  above 


below  0 
to 
-7 


0:18-0:45  0:06-0:15  0:06-0:15 


below  32 

to  0:18-0:45 

19  ; 


below  19  0:12-0:30  0:06-0:15  0:06-0:15 


°C  *  Degrees  Celsius 

°F  =  Degrees  Fahrenheit 

OAT  =  Outside  Air  Temperature 

FP  =  Freezing  Point 

CAUTION:  THE  TIMES  OF  PROTECTION  REPRESENTED  IN  THIS  TABLE  ARB  FOR  GENERAL  INFORMATION 
PURPOSES  ONLY  AND  SHOULD  BE  USED  ONLY  IN  CONJUNCTION  WITH  A  PRE-TAKEOFF  INSPECTION. 


CAUTION:  THE  TIME  OF  PROTECTION  WILL  BE  SHORTENED  IN  HEAVY  WEATHER  CONDITIONS.  HIGH  WIND 
VELOCITY  AND  JET  BLAST  MAY  CAUSE  A  DEGRADATION  OF  THE  PROTECTIVE  FILM.  IF  THESE  CONDITIONS 
OCCUR,  THE  TIME  OF  PROTECTION  MAY  BE  SHORTENED  CONSIDERABLY.  THIS  IS  ALSO  THE  CASE  WHEN 
THE  FUEL  TEMPERATURE  IS  SIGNIFICANTLY  LOWER  THAN  OAT. 


Table  4  Guideline  for  Holdover  Times  Anticipated  for  SAE  Type  II  Fluid  Mixtures  as  a 
Function  of  Weather  Conditions  ard  OAT 

THE  RESPONSIBILITY  FOR  THE  APPLICATION  OF  THESE  DATA  REMAINS  WITH  THE  USER  AND  SHOULD  ONLY 
BE  USED  IN  CONJUNCTION  WITH  SAE  METHODS  DOCUMENT.  (SEE  CAUTIONS) 


0C  Celsius 

°F  Degrees  Fahrenheit 
OAT  Outside  Air  Temperature 
VOL  Volume 

•  for  ma mt*nanc«  purpo»*s 

CAUTION:  THE  TIMES  OP  PROTECTION  REPRESENTED  IN  THIS  TABLE  ARE  POR  GENERAL  INFORMATION  PURPOSES  ONLY  AND 
SHOULD  BE  USED  ONLY  IN  CONJUNCTION  WITH  A  PRE-TAKEOPP  INSPECTION. 

CAUTION:  THE  TIME  OP  PROTECTION  WILL  BE  SHORTENED  IN  HEAVY  WEATHER  CONDITIONS.  HIGH  WIND  VELOCITY  AND  JET 
BLAST  MAY  CAUSE  A  DEGRADATION  OP  THE  PROTECTIVE  FILM.  IP  THESE  CONDITIONS  OCCUR  THE  TINE  OP  PROTECTION  MAY 
BE  SHORTENED  CONSIDERABLY.  THIS  IS  ALSO  THE  CASE  WHEN  THE  FUEL  TEMPERATURE  IS  SIGNIFICANTLY  LOWER  THAN  OAT. 


MURRAY  KUPERMAN 


United  Airlines 


YIB1S  T  B  6  I  E  S  B  B  l  I  8 


TESTING  3/21/92: 


TEST  1  -  TYPE  I  50/50  -  WATER  CONTENT  18  G/D2/HR 
HOT  TIME  -  10  MINUTES  (1906) 


Working  Group  4 
Deicing  Personnel, 


TEST  2  -  TYPE  II  100/0  -  HATER  CONTENT  2.6  G/D2/HR 
HOT  TIME  -  91  MINUTES  (2053) 


Procedures,  and  Training 
continued 


TEST  3  -  TYPE  I  50/50  -  WATER  CONTENT  5.7  G/D2/HR 
HOT  TIME  -  33  MINUTES  (1647) 


TEST  4  -  TYPE  I  50/50  -  WATER  CONTENT  9.2  G/D2/HR 
HOT  TIME  -  19  MINUTES  (1751) 


TEST  5  -  TYPE  I  50/50  -  WATER  CONTENT  3.2  G/D2/HR 
HOT  TIME  -  35  MINUTES  (1845) 


TESTING  3/8/92; 


TEST  1  -  TYPE  I  40/60  -  WATER  CONTENT  85  G/D2/HR 
HOT  TIME  -  5  MINUTES  (1849) 


TEST  2  -  TYPE  II  100/0  -  WATER  CONTENT  119  G/D2/HR 
HOT  TIME  -  7  MINUTES  (1909) 
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GARY  R.  BRADLEY 


HOLDOVER  TIME  TEST  RESULTS 

UNITED  AIRLINES  -  1990/91 

35 
30 
25 
20 
15 
10 
5 
0 

0  10  20  30  40  50 

WATER  CONTENT  (g/d2/hr) 


D  DOW  146AR  60/60  x  OCT  ADF-*  60/60  0  UCAR  ADF2D  60/60 


UA  -  OADCO  4/91  DEN/OAD 


HOLDOVER  TIME  (minutes) 


TYPE  I  FLUIDS 


United  Airlines 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued 


HOLDOVER  TIME  TEST  RESULTS 

UNITED  AIRLINES  -  1990/91 


80 


60 


40 


20 


HOLDOVER  TIME  (minutes) 


TYPE  II  FLUIDS 


1  ♦'  * 

' :  <i 

l 

OB  • 

D  \  8  o 

i  b 

Q 

0 

0 

« 

L  -  tf 

♦+s 

□ 

$  ^ 

6 

6 

$ 

0 

_ 

10 


20  30  40 

WATER  CONTENT  (g/d2/hr) 


50 


60 


0  DOW  2000  /  100  °  KIL  ABCS  /  100  +  OCTAGON  -40  /  100 


UA  -  ORDCG  4/01 


DEN/ORD 
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GARY  R.  BRADLEY 


United  Airlines 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued. 


BOS  CLE  DCA  DTW  EWR  GEG  IAD  JFK  LGA  MSP  PHL 

AVERAGE  MONTHLY  TAXI  TIME 


I  SCHEDULED 


I  ACTUAL 


SOURCE:  FSOR  11/90  -  03/91 


UA  -  ORDCG  4/91 


BOS  CLE  DCA  DTW  EWR  GEG  IAD  JFK  LGA  MSP  PHL 

TYPE  II  EXPANSION  STATIONS 

SOURCE;  National  Climatic  Data  Cantor 
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1991/92  EXPANSION  STATIONS 

TYPE  II  ANTI-ICING/REMOTE  DEICING 


GARY  R.  BRADLEY 

United  Airlines 
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GARY  R.  BRADLEY 

United  Airlines 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 


THE  EFFECTS  OF  RUNWAY  DEICING  AND  ANTI-ICING 
CHEMICALS  ON  SURFACE  FRICTION 


Gary  R.  Bradley 
United  Airlines 


TEST  OBJECTIVES 


Determine  the  effects  of  various  deicing  and 
anti-icing  chemicals  on  runway  friction. 

Determine  if  there  is  any  measurable  difference 
between  MEG  and  MPG  based  runway  deicing  fluids. 

Assess  the  impact  of  residual  Type  II  fluid  on 
runway  friction  values. 

NOTE:  OBJECTIVES  OF  THIS  TEST  APPLY  ONLY  TO 
RUBBER  CONTAMINATED  SURFACES. 
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TEST  CONDITIONS 


O'HARE  FIELD  -  Runway  4R  /  22L 
Temperature  -  20  F  Relative  Humidity  -  48  % 
Wind  -  250  degrees  /  17  mph 


UA  -  ORDCG  3/91 


GARY  R.  BRADLEY 


United  Airlines 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued 


FLUIDS  TESTED 


JB  WATTS  (MEG  -  Based)  Runway  Deicer) 
OCTAGON  RD  1426  (MPG  -  Based  Runway  Deicer) 
DOW  FLIGHTGARD  2000  (Anti-icing  Fluid) 


UA  -  ORDCG  3/91 


GARY  R.  BRADLEY 

United  Airlines 
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Deicing  Personnel, 
Procedures,  and  Training 
continued 


TEST  AREA 

I"- ~  150  FT  “ ~ ^ 


r  450  FT 

VEHICLE  DIRECTION 

UA  -  ORDCG  3/91 


FLUID  APPLICATION  CRITERIA 

RUNWAY  DEICER:  Standard  application  rate  . 

TYPE  II  FLUIDS:  Assume  30  departures  per  hour. 

Worst  case  -  All  B747  at  90  gal  per  aircraft. 

Take  off  roll  (VI  to  VR)  of  1800  feet. 

1/2  fluid  applied  lost  within  30  minutes  of  application, 
with  remaining  40  -  50  %  lost  on  take  off  roll. 

YIELDS:  (30  x  90  x  1/2  x  1/2)  /  360,000  sq  ft.  -ft. 
.002  gallons  residual  Type  II  per  sq  ft. 


270 


APPLICATION  RATES 

GAL  /  SQ  FT 


.004 

DRY  AREA 

.004 

.004 

DRY  AREA 

.07 

GARY  R.  BRADLEY 

United  Airlines 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued 


VEHICLE  DIRECTION 


UA  -  ORDCG  3/91 


SUMMARY  OF  RESULTS 


2 


GARY  R.  BRADLEY 


United  Airlines 


Working  Group  4 
Deicing  Personnel, 
Procedures,  and  Training 
continued 


BRAKING  COEFFICIENT  TEST 

SUMMARY  OF  RESULTS 

50 

40 

30 

20 

10 

0 

MEG  MPG  T  II  -  MEG  T  II  -  MPG  T  II  -  05  T  II  -  60 

FLUID  TESTED 

■I  SAAB  M  TAPELY 


SAAB  /  TAPELY  VALUES 


L  -  -3& 


UA  -  ORDCG  3/91 


CONCLUSIONS 


Deicing  and  Anti-icing  fluids  applied  to  a 
rubber  coated  surface  may  reduce  friction 
coefficient  such  that  caution  is  required. 

Statistically,  MEG  and  MPG  based  runway  deicing 
fluids  yield  comparable  results. 

Type  II  fluids  applied  over  MEG  or  MPG  based  fluids 
further  reduce  braking  coefficient  values. 


UA  -  ORDCG  3/91 


FOSTER  ROSS 

Kilfrost  Limited 

Additional 

JOHN  C.  MCCLURE 

Technical 

Dow  Chemical 

Presenters 

UWE  RUMMELMANN 

Lufthansa  German  Airlines 

SHIZUO  SUZUKI 

Japan  Airlines 

Working  Group  4 

BRIAN  K.  JENSEN 

Deicing  Personnel, 

Air  Canada  Airlines 

Procedures,  and  Training 

WILLIAM  SHEPPARD 

Federal  Aviation  Administration 

CHARLIE  QUINN 

American  Airlines 

CAPT.  DAVID  HAASE 

Air  Line  Pilots  Association 


Working  Group  5 
Ice  Detection  and  Recognition 
and  Crew  Training 


WHAT  DOES  THE  FLIGHTCREW  NEED  TO  KNOW 


Capt.  David  Haase 
Air  Line  Pilots  Association 


1.  FLIGHT  CREW  QUALIFICATION  IS  A  MUST 

2.  BIGGEST  PROBLEM:  ABSENCE  OE  TRAINING 

3.  OTHER  PROBLEM:  LACK  OF  INFORMATION  AND 
SPECIFIC  GUIDANCE  IN  OPERATING  MANUALS 

4.  TRAINING  REQUIRED:  INITIAL  AND  RECURRENT 

5.  SUBJECT  MAHER  FOR  TRAINING  AND  MANUALS  TO 
INCLUDE  THE  FOLLOWING: 


Regulatory  Requirements 

•  Applicable  FARs. 

•  The  meaning  of  “adhering." 

•  The  clean  aircraft  concept. 

Aircraft  Perform ance/Specific 

Aircraft  Characteristics 

•  Elffects  of  frost,  ice,  snow  and  slush  on  aircraft 
performance,  stability  and  control. 

•  Flight  characteristics  of  specific  aircraft  (e.g.  DC-:  * 
10,  F-28,  F-100,  etc.)  and  recommended  flight  pro¬ 
cedures  (e.g.  limitations  on  rotation  rate,  effect  of 
surface  contamination  on  pitch  control  forces). 

•  System  capabilities  of  certain  aircraft,  e.g.  airfoil 
anti-ice  systems. 

•  Use  of  simulators  to  demonstrate  t  he  effect  of  con¬ 
tamination  on  aircraft  performance  (similar  to 
windshear  training). 
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Conditions  and  Weather  Conducive 
to  Airframe  Icing 

•  In-flight  icing/residual  effects. 

•  Ground  icing. 

-  Falling  precipitationAveather  conditions. 

-  Blowing  snow/warm  fuel  tanks. 

-  Clear  ice/frost  on  cold  fuel  tanks. 

-  Conditions  likely  to  generate  adhering  frozen 
precipitation. 


•  Unique  aircraft  system  capabilities  (e.g.  DC-9-10,  CAPT.  DAVID  HAASE 
B-737,  use  of  airfoil  anti-ice  systems  on  ground). 

•  Pre-takeoff  inspection  (conducted  immediatelyprior  Air  Line  Pilots  Association 
to  takeoff)  and  acceptable  methods  of  conducting 

such  an  inspection. 

-  Limitations  of  holdover  time  tables. 

Working  Group  5 

-  How  to  determine  if  frozen  precipitation  is 

„  „  .  „  Ice  Detection  and  Recognition 

“adhering.” 

and  Crew  Training 

-  Action  to  be  taken  if  inspection  cannot  be  carried 
out  satisfactorily. 


Aircraft  Deicing  Procedures  and  Fluids 

•  Basic  characteristics  and  aircraft  deicing/anti¬ 
icing  fluids. 

•  General  techniques  for  removing  deposits  of  frost, 
ice,  slush  and  snow  from  aircraft  surfaces  and  for 
anti-icing. 

•  Deicing/anti-icing  procedures  in  general  and  spe¬ 
cific  measures  to  be  performed  for  different  aircraft 
types. 

Use  of  Holdover  Time  Tables 

•  Use  of  holdover  time  tables  for  operational  planning. 


Safety  Precautions 

•  Health  effects  of  chemicals 

•  Inspection  hazards 

Emergency  Procedures  and  Hazard  Reporting 

•  Smoke  in  cabin 

•  Collision  with  ground  equipment 

•  Flight  characteristics  problems 

•  Non-standard  procedures 

•  Crew  resource  management/cabin  crew  assistance 


•  Coordination  with  ATC  and  gate  hold  procedures. 


Quality  Control  Procedures 

•  Pre-flight  inspection  (conducted  immediately  fol¬ 
lowing  de/anti-icing) 

-  Deicing/anti-icing  codes  and  communications 
procedures. 

-  Special  provisions  and  procedures  for  contract 
deicing/anti-icing  (if  applicable). 

-  Clear  ice  over  fuel  tanks  and  unique  inspection 
procedures. 

-  Underwing  frost  limitations. 


-  Unique  inspection  requirements  for  certain  air¬ 
craft,  e.g.  MD-80,  DC-9-10,  etc. 


Additional  CAPT.  DAVID  FITZGERALD 

United  Airlines 


Technical  GREGORY  WELLS 

Dryden  Commission 

Presenters 

NILS  BENKER 

Board  of  Accident  Investigation,  Sweden 


Working  Group  5 
Ice  Detection  and  Recognition 
and  Crew  Training 


CAPT.  BENGT  TEGNHED 

Linjeflyg 

UWE  RUMMELMANN 

Lufthansa  German  Airlines 


CAPT.  KIT  THOMPSON 

DHL  Airways,  Inc. 

TIM  TIMMONS 

Transport  Canada 

DR.  MARCIA  POLITOVICH 

National  Center  for  Atmospheric  Research 

CAPT.  DAVE  STODDARD 

United  Airlines 

CAPT.  ROBERT  PONTI 

American  Airlines 


CAPT.  GURT  ANDERSSON 

Nordic  Aero 

Canadian  Air  Pilots  Association 
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CONFERENCE  REGISTRANTS 


Reston,  Virginia 
May  28 -29, 1992 


C  0 


,  ASHOK  S.  ABHYANKAR 

!  Met.  Washington  Airports  Authority 

MC/MA-110 

Washington  National  Airport 
Washington,  DC  20001 
USA 

|  703/685-8164 

1  THOMAS  ACCARDI 

FAA/AFS-1 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-8237 

EDWARD  E.  ADAMS 
Keweenaw  Research  Center 
Michigan  Tech  University 
Houghton,  Mi  49931 
'  USA 

|  906/334-2724 

\  JONATHAN  E.  ADAMS 

USAir 

5125  Tampa  West  Blvd. 

|  Tampa,  FL  33634 

USA 

813/885-3494 

RICHARD  I.  ADAMS 
Dick  Adams  Consulting 
74  Knollwood  Dr. 

Newport  News,  VA  23602 
USA 

804/877-5756 

DAVID  AGGERH0LM 
Port  of  Seattle 
P.O.  Box  1209 
Seattle,  WA  981 11 
USA 

206/728-3190 

MUKHTAR  AHMAD 
Parsons  Management  Consultants 
Washington  National  Airport 
Hangar  #6,  Room  207 
Washington,  IK:  20001 
USA 

703/760-7135 


•i  F  E  R  E  M  C  E  REGISTRANTS 


JEAN  CLAUDE  ALBERT 
JAA/French  DGAC 
DGAC/SFACT/E 
246  rue  LeCourbe 
Paris,  75732/P  15 
FRANCE 
331/404-3-4284 

ROB  ALEXANDER 
House  Government  Activities 
Rayburn  House  Office  Bldg. 
B-350A-B 

Washington,  DC  20515 
USA 

202/225-7920 

WARD  ALLEN 
Bums  &  McDonnell 
4800  E.  63rd  St. 

Kansas  City,  MO  64130 
USA 

816/333-4375 

THOMAS  ALMY 

Katten  Michin  Zavis  &  Dombroff 
1025  Thomas  Jefferson  St.  NW 
East  Lobby  Ste.  700 
Washington,  DC  20007-5201 
USA 

202/625-3500 

JOHN  P.  AMATETTI 

AIA 

1250  Eye  St.,  NW 
Washington,  DC  20005 
USA 

202/371-8417 

PETER  AMISH 
Northwest  Airlines 
5101  Northwest  Dr. 

St.  Paul,  MN  55111-3034 
USA 

612/726-2022 

FRITZ  AMT 

Eaton  Corp.,  Pressure  Sensors  Div. 
15  Durant  Ave. 

Bethel,  CT  06801 
USA 

203/796-6144 


DOUG  ANDERSON 
Andrews  Air  Force  Base 
89  AW 

OPG/DOV  Office 
Andrews  AFB,  MD  20331 
USA 

301/981-3061 

GURT  ANDERSS0N 

Nordic  Aero 

SVANTE  ANDERSS0N 
Hagglonds  Vehicle  AB 
100  Sparks  St. 

Suite  400 

Ottawa,  ON  K1P5B7 

CANADA 

613/237-7496 

RICHARD  ANTAYA 
Trans  World  Airlines 
P.O.  Box  20126 
K.C.Intemational  Airport 
Kansas  City,  MO  64195 
USA 

816/891-4517 

TIM  ANT0L0VIC 

Transport  Workers  Union 
1201  Airport  Fwy. 

Ste.  386 

Euless,  TX  76040-4171 
USA 

817/545-2326 

GERMAIN  ARCHAMBAULT 

Union  Carbide 

10455  Metropolitan  Blvd. 

Montreal,  PQ  H1B-1A1 

CANADA 

514/640-6400 

JACK  ARMOUR 

AAAE 

4212  King  Street 
Alexandria,  VA  22302 
USA 

703/824-0504 

JOHN  C.  ATTEBURY 

FAA 

PO  Box  20034  Dulles  lnt'1  Airport 
Gateway  Bldg.,  Ste.  203 
Washington,  IK'  20041 
USA 

703/661  0207 


FAA 

International 

Conference 
On  Airplane 
Ground  Deicing 


May  28 -29, 1992 
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FAA 

International 

Conference 
On  Airplane 
Ground  Deicing 


May  28  -  29, 1992 


ROBERT  M.AVJIAN 

Martin  Marietta  Info.  Systems  Group 

475  School  St.,  SW 

Washington,  DC  20024 

USA 

202/646-5446 

CASEY  BAAS 
Continental  Airlines 
Stapleton  International  Airport 
Main  Terminal  Building,  Rm  443 
Denver,  CO  80207 
USA 

303/398-2079 

DAVID  BACKER 

HDR  Engineering,  Inc. 

303  E.  17th  Ave. 

Suite  300 
Denver,  CO  80203 
USA 

303-861-1300 

RICHARD  BAIR 

FAA 

NASSIF  Bldg.,  400  7th  St.,  SW 
Rm.  2227 

Washington,  DC  20590 
USA 

202/366-2088 

KEITH  BAIRD 
Andrews  Air  Force  Base 
89  AW 

OPG/DOV  Office 
Andrews  AFB,  MD  20331 
USA 

301/981-3061 

MARGARET  BALLARD 

HDR  Engineering,  Inc. 

103  Oronoco  St. 

Alexandria,  VA  223 1 4 
USA 

703/683-3400 

GREG  BALLENTINE 

NORR  Airport  Planning  Associates 

350  Bloor  St.  East 

Toronto,  PQ  M4W-3S6 

CANADA 

416/929-0200 


EMANUEL  M.  BALLENZWEIG 

Science  &  Technology  Corp. 

2  Winding  WayeCt. 

Silver  Spring,  MD  20902 
USA 

301/946-9403 

JOHN  L.  BARDWELL  III 
Metro.  Wash.  Airports  Authority 
Washington  Dulles  Int’l  Airport 
P.O.Box  17045 
Washington,  DC  20041 
USA 

703/661-8207 

JAY  BARNWELL 

Federal  Express  Corp. 

P.O.Box  727 
Memphis,  TN  38194-0123 
USA 

901/797-4366 

BEHR002  BARZEGAR 
British  Aerospace 
Prestwick  Airport 
Ayrshire,  K492RW 
SCOTLAND 
79888  ext.  2212 

M.  CRAIG  BEARD 

FAA/AIR-1 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-8235 

GARY  BECKER 

FAA/APO-210 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-7766 

MARK  BEISSE 

FAA/APP-510 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-8826 


MICHEL  BELANGER 
Union  Carbide 
7400  Boul 

Les  Galeries  D’ Anjou 
Apjou,  PQ  H1M-3M2 
CANADA 
514/493-2606 

DALLAS  BELT 
Continental  Airlines,  Inc. 
Stapleton  International  Airport 
Main  Terminal  Bldg.,  Rm.  443 
Denver,  CO  80207 
USA 

303/780-3901 

GERALD  BENCH 

TDG  Aerospace,  Inc. 

7020  Koll  Ctr.  Pkwy. 

Ste.  138 

Pleasanton,  CA  94666-3107 
USA 

510/417-0910 

NILS  A.  BENKER 

Swedish  Bd.of  Accident  Invest. 

P.O.Box  12538 

Stockholm,  S-10229 

SWEDEN 

+46/8-7375846 

MICHAEL  BENNETT 

Page  Avjet  Corp. 

Dulles  International  Airport 
Washington,  DC  20041 
USA 

703/471-4450 

LESLIE  BERK0WITZ 
Metro.  Wash.  Airport  Authority 
44  Canal  Center  Plaza 
Alexandria,  VA  22314 
USA 

703/739-8770 

ROBERT  BERLUCCHI 

FAA/ATM-120.1 

800  Independence  Ave.,  SW 

Washington,  DC  20591 

USA 

202/267-7814 
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AARON  BERNHARDT 

MARKS.  B0E 

Baker  Environmental  Inc. 

Case,  Lowe,  &  Hart,  Inc. 

Airport  Office  Park,  Bldg.  3 

2404  Washington  Blvd. 

420  Rouser  Rd. 

Ste.800 

Coraopolis,  PA  15108 

Ogden,  UT  84401 

USA 

USA 

412/269-6090 

801/399-5821 

KEN  BERQUIST 

A.S.  BOGUS 

HydroSEC 

Allied-Signal  Aerospace  Company 

431  Carlisle  Dr. 

1530  Wilson  Blvd. 

2nd  Floor 

10th  Floor 

Herndon,  VA  22070 

Arlington,  VA  22209 

USA 

USA 

703/471-4795 

703/276-2167 

B.  BRUCE  BICKHAUS 

YAMAN  B0LUK 

Allied  Pilots  Assoc. 

Union  Carbide 

P.O.Box  5524 

10455  Metropolitan  Blvd. 

Arlington,  TX  76005 

Montreal  East,  PQ  H1B  1A1 

USA 

CANADA 

214/988-3188x238 

514/640-6400 

ALAN  J.  BILANIN 

JAMES  E.  B0RSARI 

Continuum  Dynamics,  Inc 

FAA/APP-510 

P.O.Box  3073 

800  Independence  Ave.,  SW 

Princeton,  NJ  08543 

Washington,  DC  20591 

USA 

USA 

609/734-9282 

202/267-8822 

ZIG  BISKUP0WICZ 

TIM  B0RS0N 

Canadian  Airlines,  Inti. 

NTSB 

3111  ConvairDr. 

490  L’Enfant  Plaza  E.,  SW 

Mississauga,  Ontario  L7M  3A7 

AS-40 

CANADA 

Washington,  DC  20594 

416/612-2147 

USA 

CRAIG  BIXBY 

202/382-6669 

Chautauqua  Airlines 

BRIAN  BOUCHER 

RD  #1  Airport  Dr. 

Canadian  Air  Line  Pilots  Assoc. 

Jamestown,  NY  14701 

1300  Steeles  Ave.  East 

USA 

Brampton,  Ontario  L6T  1A2 

716/664-2400 

CANADA 

ROBERT  BLAKE 

703/689-4229 

Lockheed  Air  Terminal,  Inc. 

THOMAS  BOUDREAU 

ROBERT  P.  BL0UIN 

Short  Brothers  USA,  Inc. 

2011  Crystal  Dr. 

Suite  713 

Arlington,  VA  22202 

USA 

703/769-8700 

FAA/ANE-110 

Engine  &  Propeller  Standards 

12  New  England  Executive  Park 
Burlington,  MA  01453 

USA 

617/273-7089 

EDMOND  B0ULLAY 

FAA 

Embassy  of  France 

4101  Reservoir  Rd.,  NW 

Washington,  DC  20007-2179 

USA 

International 

202/944-6054 

Conference 

J.  R.  BRABY 

Octagon  Process,  Inc. 

On  Airplane 

596  River  Rd. 

Edgewater,  NJ  07020 

USA 

Ground  Deicing 

JOSEPH  M.  BRACKEN 

ALPA 

535  Hemdon  Parkway 

PO  Box  1169 

Hemdon,  VA  22070 

USA 

703/689-4333 

May  28 -29, 1992 

MARC  BRADELL 

Continental  Airlines 

8250  E.  Smith  Rd. 

Denver,  CO  80207 

USA 

303/780-4022 

GARY  R.  BRADLEY 

United  Airlines 

AMF/O’Hare  Int'l.  Airport 

P.O.Box  661254 

Chicago,  1L  60666-1254 

USA 

312/601-2613 

KEN  BRAMMER 

Delta  Associates  P.E.,  Inc. 

3333  Whitepine  Rd. 

Richmond,  VA  23237 

USA 

804/275-8301 

JAMES  R.  BRANSTETTER 

FAA/ACD-20 

M/S  250 

NASA  Langley  Research  Center 
Hampton,  VA  23665 

USA 

804/864-6396 
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FAA 

ANGELA  L.  BRANT 

BERNARD  BROWN 

RALPH  E.  BRUMBY 

ARCO  Chemical  Company 

British  Aerospace 

Douglas  Aircraft  Co. 

International 

3801  West  Chester  Pk. 

13850  McLearen  Rd. 

3855  Lakewood  Blvd. 

Newtown  Square,  PA  19073 

Dulles  Industrial  Aerospace  Park 

M/C  3545 

USA 

Herndon,  VA  22071 

Long  Beach,  CA  90846 

Conference 

215/359-6080 

USA 

USA 

703/435-9100 

310/593-1902 

KAY  BREEDEN 

On  Airplane 

Booz-Allen  &  Hamilton 

BOB  BROWN 

B.JANA  BRYMER 

4330  East  West  Highway 

Air  Line  Pilots  Association 

Union  Carbide 

Ground  Deicing 

Bethesda,  MD  20814 

535  Herndon  Pkwy. 

39  Old  Ridgebury  Rd. 

USA 

Herndon,  VA  22070 

Danbuiy,CT  06817 

301/951-2218 

USA 

USA 

703-6894197 

203/994-2617 

May  28 -29, 1992 

TOM  BRENNAN 

Continental  Express 

JOSEPH  A.  BROWN 

GEORGE  H.  BUCHANAN 

15333  JFK  Blvd. 

Specialized  Process  Equip.,  Inc. 

Union  Carbide 

Suite  600 

5000  Brittonfield  Pkwy. 

39  Old  Ridgebury  Rd 

Houston,  TX  77032 

East  Syracuse,  NY  13057 

ICD-P4  611 

USA 

USA 

Danbury,  CT  06817-0001 

713/985-2625 

315/437-2400 

USA 

203/794-7044 

DAVE  BRIDGENS 

WILLIAM  J.  BROWN 

American  Airlines 

Met.  Washington  Airport  Authority 

LAWRENCE  BUEHLER 

P.O.Box  619617 

Washington  National  Airport 

FAA/ARM-103 

DFW  Airport 

Washington,  DC  20001 

800  Independence  Ave.,  SW 

DFW,TX  75261 

USA 

Washington,  DC  20591 

USA 

703/685-8070 

USA 

817/967-5114 

TOM  BROWNE 

202/267-8580 

ROBERT  H.  BRI0T 

ATAA 

JIM  BULLOCK 

ATR  Support,  Inc. 

1709  New  York  Ave.,  NW 

McDonnell  Douglas 

20  Export  Dr. 

Washington,  DC  20006-5206 

Sterling,  VA  22170 

USA 

ROBERT  1.  BURKE 

USA 

202/626-4100 

Lockheed  Air  Terminal,  Inc. 

703/450-2871 

JOE  A.  BROWNLEE 

Albany  County  Airport 

Albany,  NY  1221 1 

ANTHONY  J.  BRODERICK 

L.A.  Aircraft  Certification  Office 

USA 

FAA/AVR-l 

3229  East  Spring  St. 

518/869-3154 

800  Independence  Ave.,  SW 

Long  Beach,  CA  90806-2425 

Washington,  DC  20591 

USA 

BOOKER  T.  BURLEY 

USA 

310/988-5365 

Hartsfield  Atlanta  Inti.  Airport 

202/267-3131 

LINDA  BRUCE 

Department  of  Aviation 

Airport  Operations 

AAAE 

Atlanta,  GA  30320 

4212  King  St. 

USA 

Alexandria,  VA  22302 

USA 

404/530-6620 

703/824-0504 

NORMAN  BURRELL 

U.S.  GAO 

600  E  St.,  NW 

Ste.  1000 

Washington,  IK'  20548 

USA 

202/272-5582 

282 


CLAUDIA  L.  BURTHE 

WOLFRAM  CAPELLE 

Airbus  Industrie 

Luftfahrt-Bundesamt 

Blagnac,  31202 

Flughafen 

FRANCE 

Braunschweig,  W-3300 

33-61933492 

GERMANY 

BEN  BURTON 

05/312-355412 

FAA/AFS-330 

THOMAS  CARM0DY 

800  Independence  Ave.,  SW 

FAA/AAI-110 

Washington,  DC  20591 

800  Independence  Ave.  SW 

USA 

Washington,  DC  20591 

202/267-3797 

USA 

JIM  BUSHEE 

202/267-7280 

FAA/AAS-100 

JEAN  CASCIAN0 

800  Independence  Ave.,  SW 

FAA/ARM-12 

Washington,  DC  20591 

800  Independence  Ave.,  SW 

USA 

Washington,  DC  20591 

WILLIAM  C.  CAILE 

JWP  Trautraan  &  Shreve,  Inc. 

USA 

202/267-9683 

4406  Race  St. 

AARON  CASEY 

Denver,  CO  80216 

U.S.  GAO 

USA 

901  D  St.,  SW 

303/295-1414 

Ste.  802 

ROBERT  H.  CALDWELL 

Washington,  DC  20024 

USA 

JGW  International  Ltd. 

10640  Main  St. 

202/401-5135 

Ste.  200 

JOHN  J.  CASEY 

Fairfax,  VA  22030 

John  J.  Casey  &  Associates 

USA 

25  Dolphin  Green 

703/352-3400 

Port  Washington,  NY  1 1050 

BRIAN  CALENDINE 

FAA/AFS-250 

USA 

516/883-7244 

800  Independence  Ave.,  SW 

ELBERT  CATES 

Washington,  DC  20591 

Bolton  Field  Airport 

USA 

2000  Norton  Rd. 

202/267-9531 

Columbus,  OH  43228 

TIM  CALLISTER 

Metro.  Airports  Commission 

USA 

614/851-9900 

MSP  Int’l.  Airport 

DAVID  CATEY 

604(1 28th  Ave.  South 

FAA/AFS-220 

Minneapolis,  MN  55451) 

800  Independence  Ave.,  SW 

USA 

Washington,  DC  205!)  1 

612/726-5519 

USA 

202/267-8049 

BRUCE  CATHELL 

Systems  Control  Technology 
1611  N.  Kent  St. 

Arlington,  VA  22209 

USA 

CHERRY  CATHELL 

FAA 

FAA 

101  West  Broad  St. 

Ste.  300 

Falls  Church,  VA  22046 

International 

USA 

703/285-2573 

Conference 

RAY  H.  CATLETT 

On  Airplane 

USAir 

10454  White  Birch  Dr. 

San  Diego,  CA  92131 

USA 

619/578-0388 

Ground  Deicing 

PAULA.  CATLIN 

B.F.  Goodrich  Aerospace 

Jet  Electronics  &  Tech. 

5353  52nd  St.  SE 

Grand  Rapids,  MI  49588-0873 

USA 

616/949-6600 

May  28 -29, 1992 

MICHAEL  D.  CESARI0 

U.S.  Department  of  HHS 

330  Independence  Ave.,  SW 
Washington,  DC  20201 

USA 

202/619-1900 

GEORGE  S.  CHAMBERLIN 

USAir  Shuttle 

Washington  lnt'l  Airport 

Washington,  DC  20001 

USA 

703/271-7110 

CHARLES  CHAMBERS 

U.S.  GAO 

901  DSt.,SW 

Ste.  802 

Washington,  DC  20024 

USA 

202/401-4943 

RICK  CHAPMAN 

Air  Wisconsin  Airlines 

20!!  Challenger  Dr. 

Appleton,  W1  54915 

USA 

703/661-3575 

FAA 

AH  LENG  CHEW 

MYRON  E.  CLARK 

ALLAN  COLE 

CM,  Singapore 

FAA/AFS-430 

British  Airways 

International 

P.0.  Box  1 

800  Independence  Ave.,  SW 

London  Gatwick  Airport 

Singapore  Changi  Airport,  9181 

Washington,  DC  20591 

North  Terminal 

SINGAPORE 

USA 

Crawiey,  Sussex 

Conference 

65/541-2487 

202/267-7955 

UK 

0293-666367 

PEGGY  M.  CHILDRESS 

RICH  CLARKE 

On  Airplane 

Conceptual  Solutions,  Inc. 

Continental  Express 

WALT  COLEMAN 

81 1W.  Marvin  Ave. 

3663  Sam  Houston  Pkwy. 

Air  Transport  Association 

Ground  Deicing 

Waxahachie,  TX  75165 

Gateway  I,  Suite  118 

1709  New  York  Ave.,  NW 

USA 

Houston,  TX  77032 

Washington,  DC  20006 

214/938-1366 

USA 

USA 

713/985-1538 

202/626-4015 

BENJAMIN  CHIN 

Maryland  Aviation  Administration 

LOUISE  COBBS 

PETE  C0LLARD 

May  28 -29, 1992 

P.O.Box  8766 

Haight  Gardner  Poor  &  Havens 

Katten  Michin  Zavis  &  Dombroff 

BWI  Airport 

1300 1  St.,  NW 

1025  Thomas  Jefferson  St.,  NW 

Baltimore,  MD  21040 

Washington,  DC  20005 

Ste.  700,  East  Lobby 

USA 

USA 

Washington,  DC  20007-5201 

410/859-7093 

202/962-3872 

USA 

202/625-3500 

ROBERT  K.  CHISHOLM 

MICHAEL  A.  COCHRANE 

Andrews  Air  Force  Base 

Ogden  Environ.  &  Energy  Services 

DON  COLLIER 

89  AW 

3325  Perimeter  Hil  Dr. 

ATA 

OPG/DOV  Office 

Nashville,  TN  37211 

1301  Pennsylvania  Ave.,  NW 

Andrews  AFB,  MD  20331 

USA 

Washington,  DC 

USA 

301/981-3061 

800/676-5770 

USA 

202/626-4017 

BRUNO  C0C0R0CCHI0 

CHRIS  CHRISTIE 

Garrett  Canada 

C.  CLAY  COLLINS 

FAA/ARM-1 

255  Attwell  Dr. 

Blue  Grass  Airport 

800  Independence  Ave.,  SW 

Rexdale,  Ontario  M9W  GL7 

4000  Versailles  Rd. 

Washington,  DC  20591 

CANADA 

Lexington,  KY  40510 

USA 

202/267-9677 

416/798-6686 

USA 

606/254-9336 

PAUL  COHAN 

F.  J.  CLARK 

Communication  Channels,  Inc. 

JOHN  K.  COLLINS 

American  Airlines 

214  Massachusetts  Ave.,  NE 

The  Austin  Company 

3800  N.  Mingo  Rd. 

Ste.  360 

5109  Leesburg  Pk. 

Tulsa,  OK  74151 

Washington,  DC  20002 

Ste.  201 

USA 

USA 

Falls  Church,  VA  22041 

918/292-3773 

202/544-0304 

USA 

703/671-4556 

JOHN  CLARK 

NTSB 

JOHN  C0L0MY 

490  L’Enfant  Plaza  East 

FAA 

Rm.  5205 

601  E.  12th  St. 

Washington,  DC  20594 

Kansas  City,  MO  64106 

USA 

USA 

202/382-6634 

816/426-6930 
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BRIAN  CONNETT 

EAGLE 

P.O.Box  661332 
Chicago,  IL  60666-1332 
USA 

312/686-7460 

WILLIAM  F.  CORCORAN 
Airborne  Express 
145  Hunter  Dr. 

Wilmington,  OH  45177 
USA 

513/382-5591 

RICHARD  CORLISS 

3531  Wyoming  St. 

Kansas  City,  MO  64111 
USA 

816/753-0538 

VINCE  CORSARO 
Ogden  Aviation  Services 
Washington  National  Airport 
Room  292C 
Washington,  DC  20001 
USA 

703/979-5070 

BILL  COTTON 
United  Airlines 
PO  Box  6100 
Chicago,  IL  60666 
USA 

708/9524166 

PATRICIA  COUHIG 

SAE 

400  Commonwealth  Dr. 
Warrendale,  PA  15096-0001 
USA 

412/772-7191 

DOUG  COZBY 

Boeing 

USA 

JOHN  CRAIG 
Telephonies  Corporation 
790  Park  Ave. 

Huntington,  NY  11743 
USA 

516/549-6369 


JAMES  CRITES 

American  Airlines 

DFW  Int’l  Airport 

PO  Box  619616 

DFW,  TX  75261-9616 

USA 

817/963-1731 

WILLIAM  DALE 

Richmond  International  Airport 
Capital  Regional  Airport  Commission 
Richmond  Int’l  Airport,  Box  A-3 
Richmond,  VA  23231 

USA 

804/226-3049 

JOHN  L.  CR0UCF 

DHL  Airways,  Inc. 

P.O.Box  75122 

Cincinnati,  OH  45275 

USA 

606/283-2232 

D.  DAMP0UX 

Aeroports  de  Paris 

291  Boulevard  Raspail 

Paris,  75014 

FRANCE 

48/62-11-33 

DICK  CUMMINGS 

United  Airlines 

11687  Bennington  Woods  Rd. 
Reston,VA  22084 

USA 

703/661-7407 

JAMES W.  DANAHER 

NTSB 

490  L'Enfant  Plaza  SW 

Washington,  DC  20594 

USA 

202/382-6835 

LOUIS  C.  CUSIMAN0 

FAA/AFS-801 

800  Independence  Ave.,  SW 
Washington,  DC  20591 

USA 

202/267-8452 

ROBERTA.  DANIELE 

ARCO  Chemical  Company 

3801  West  Chester  Pk. 

Newtown  Square,  PA  19073 

USA 

215/359-6046 

LEN  J.  CZERNICKI 

Trans  World  Airlines 

11495  Natural  Bridge  Rd. 

Bridgeton,  MO  63044 

USA 

314/895-6848 

JAMES  M.  DANIELS 

Key  Air/World  Corp. 

P.O.  Box  7709 

Savannah,  GA  31418-7709 

USA 

912/966-7700 

A.L.  DADMAR 

Trans  World  Airlines 

KCI 

P.O.Box  20126 

Kansas  City,  MO  64195 

USA 

816/891-4593 

RON  DANNER 

USAir,  Inc. 

Logan  International  Airport 

180  Prescott  St. 

East  Boston,  MA  02128 

USA 

617/561-6830 

HECTOR  DAIUT0L0 

FAA  Technical  Center 

Atlantic  City  Airport 

Atlantic  City,  NJ  08405 

USA 

609/484-5283 

ARIE  DARMAWAN 

Dir.  Gen.,  Air  Communications 

JL.  Angkasa  No.  8 

Kemayoran  PO  Box  3049 

Jakarta,  10002 

Indonesia 

62  21  415228 

FAA 

International 

Conference 
On  Airplane 
Ground  Deicing 


May  28 -29, 1992 
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FAA 

LARRY  DAVIS 

WILLIAM  E.  DEMPSEY 

HAROLD  D0NN0R 

Northwest  Airlines 

Simon  Aviation 

FAA/AAI-100 

International 

5101  Northwest  Dr. 

Mailstop  C8100 

Old  Hwy.  56 

Olathe,  KS  66062 

800  Independence  Ave.,  SW 
Washington,  DC  20591 

St.  Paul,  MN  551 11-3034 

USA 

USA 

Conference 

USA 

913/780-0300 

202/267-9625 

612/727-6321 

MARIE  J.  DERY 

MICHAEL  DONOVAN 

On  Airplane 

KRIJN  DE  JONGE 

Dow  Chemical  of  Canada 

Telephonies  Corporation 

Boeing 

1  Westmount  Square 

790  Park  Ave. 

Ground  Deicing 

P.O.Box  3707 

Bureau  300 

Huntington,  NY  11743 

M/S  2H-80 

Westmount,  Quebec  H3Z  2P9 

USA 

Seattle,  WA  98124 

CANADA 

516/549-6039 

USA 

206/544-9875 

514/934-8715 

DOMINIQUE  DESCHAMPS 

JAMES  DOUGHERTY 

GAMA 

May  28  -  29, 1992 

DAVE  DEKOLD 

Air  France 

1400  K  St,  NW 

United  Parcel  Service 

Dir<  ction  de  la  Maintenance 

Ste.  801 

1400  N.  Hurstboume  Pkwy. 

Orly  Aerogare  Adex,  BP124 

Washington,  DC  20005 

Louisville,  KY  40223 

FRANCE 

USA 

USA 

33- 1-46755264 

202/393-1500 

502/329-6028 

TED  DICKINSON 

JOHN  P  DOW  SR. 

ROBERT  T.  DEANE 

Coale,  Alen,  &  Van  Susteren 

FAA 

Air  Canada 

27  North  Main  St. 

Aircraft  Icing  Certification  Steering 

6500  Silver  Dart  Dr. 

Shrewsbury,  PA  17361 

Group 

Mississauga,  ON  L5P-1B4 

USA 

601  E  12th  St. 

CANADA 

717/235-6850 

Kansas  City,  MO  64106 

416/676-4710 

DICK  DEITOS 

MIKE  DODD 

USAir,  Inc. 

USA 

816/426-6932 

Metro.  Wash.  Airlines  Committee 

R1DC  Parkridge  II 

BRENDAN  P  DOWNEY 

MWAC-Washington  National  .Airport 

Commerce  Dr. 

Aer  Lingus 

Washington,  DC  20001 

Pittsburgh.  PA  02128 

Technical  Standards 

USA 

USA 

P.O.  Box  180 

703/769-0075 

412/747-5982 

Dublin 

PHILIP  L.  DELBERT 

Columbus  Airport  Authority 

ROBERT  DODD 

Aviation,  Science  &  Technology 

IRELAND 

Dublin  705-3919 

4600  International  Gateway 

161 14  Pointer  Ridge  Dr. 

JOHN  B.  DRAKE 

Columbus,  OH  43219 

Bowie,  MD  20716 

NTSB 

USA 

USA 

490  [/Enfant  Plaza  SW  (AS-40) 

614/239-401 1 

301/390-7027 

Washington.  DC  20594 

JOE  DELIA 

FAA 

WILLIAM  DOLE 

Richmond  International  .Airport 

USA 

202/382-6640 

101  W.  Broad  St. 

Capitol  Regional  Airport  Commission 

DUTCH  DRESCHER 

Falls  Church.  VA  22046 

Richmond,  VA  23231 

I  AM/SWA 

USA 

USA 

215  K.  98th  St. 

703/285-2307 

804/220-3049 

Bloomington.  MN  55420 

I  <sA 

612/384-2764 
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JOHN  C.  DRESSER 

JOHN  D.  EASTERLING 

N.  D.  ELLIS 

FAA 

Continental  Express 

Continental  Express 

Bombardier,  de  Haviiland  Inc, 

Newark  International  Airport 

3663  Sam  Houston  Pkwy. 

Garratt  Blvd. 

International 

Terminal  C 

Gateway  1,  Suite  1 18 

Downsview,  ON  M9B-2C3 

Newark,  NJ  07114 

Houston,  TX  77032 

CANADA 

USA 

USA 

416/375-3186 

Conference 

201/961-0053 

713/985-1625 

NICK  ELWARD 

ANDRE  A.  DRESSLER 

BILL  ECHOLS 

KLM/Royal  Dutch  Airlines 

On  Airplane 

Independent  Pilot’s  Association 

FAA 

P.O.  Box  7700 

200  High  Rise  Dr. 

800  Independence  Ave.,  SW 

Schiphol  Airport,  1117-ZL 

Ground  Deicing 

Ste.  199 

AEE-20 

Amsterdam/Schiphol,  NH 

Louisville,  KY  40213 

Washington,  DC  20591 

THE  NETHERLANDS 

USA 

USA 

31/20-649-4244 

502/968-0341 

202/267-3497 

SIMON  EMES 

ALAN  DRIVER 

WILLIAM  C.  EDGAR 

British  Airways 

May  28 -29, 1992 

British  Aerospace,  Inc. 

Bryan  Cave 

London  Airport,  Bldg.  1406 

PO  Box  17414 

700  13th  St.  NW 

Terminal  4  (S144)  PO  Box  10 

Washington  Dulles  Int’l  Airport 

Ste.  600 

Hounslow,  Middlesex  TW6  2JR 

Washington,  DC  20041 

Washington,  DC  20005-3960 

UK 

USA 

USA 

081-56-29456 

703/777-1636 

202/508-6126 

JOHN  H.  ENDERS 

WILLIAM  DR0UGHT0N 

BILL  EDMUNDS 

Flight  Safety  Foundation 

Aer  Lingus 

Air  Line  Pilots  Association 

2200  Wilson  Blvd. 

•IFK  International  Airport 

535  Herndon  Pkwy. 

Ste.  500 

Bldg.  51 

Herndon,  VA  22070 

Arlington,  VA  22201 

Jamaica,  NY  11430 

USA 

USA 

USA 

703/689-4198 

703/522-8300 

718/553-4262 

ROBIN  EDWARDES 

KENNETH  D.  ENSSLIN 

JOHN  DUNN 

Bombardier  Inc./Groupe  Canadair 

Federal  Express  Corp. 

Katten  Michin  Zavis  &  Dombroff 

Dept.  749  Plant  1  Canadair 

P.O.  Box  727 

1025  Thomas  Jefferson  St.,  NW 

P.O.  Box  6087  Stn.  A 

Memphis,  TN  38194-0123 

Ste.  700,  East  Lobby 

Montreal,  PQ  H3C  3G9 

USA 

Washington,  DC  20007-5201 

CANADA 

901/797-4150 

USA 

514/744-1511-1246 

202/625-3500 

GEORGE  H.  EICHNER 

STEVEN  R.  ERICKSON 

Air  Transport  Association 

PAUL  DYKEMANN 

Greiner,  Inc. 

1709  New  York  Ave.,  NW 

FAA/AEE-2 

2219  York  Rd. 

Washington.  DC  20006 

8(H)  Independence  Ave.,  SW 

Suite  200 

USA 

Washington,  DC  20591 

Timonium,  MD  21093 

202/626-4134 

USA 

USA 

202/267-3577 

410/561-0100 

EVEN  EVENS0N 

Fokker  Aircraft 

DAVID  EAMES 

GEORGE  ELLIOTT 

1 199  N.  Fairfax  St. 

Rolls  Royce,  Inc. 

USAir 

Alexandria,  VA  22306 

2849  Paces  Ferry  Rd. 

Greater  Pittsburgh  Int'l  Airport 

USA 

Atlanta.  CA  30339-3769 

USA 

PO  Box  12346 

Pittsburgh,  PA  15231-0346 

703/838-0100 

404/436-7900 

USA 

412/472-7449 
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DAVID  EWING 
American  Eagle 
2340  River  Rd. 

Ste.  104 

Des  Plaines,  IL  60018 
USA 

708/299-7171 

VINCENT  FABRIZIO 

House  Comm/Public  Wrks  &  Transp. 

Ford  Bldg. 

Room  589 

Washington,  DC  20515 
USA 

202/225-3274 

ERIC  FAGENBERG 
American  Eagle 
4333  Amon  Carter  Blvd. 

MD-5494 

Ft.  Worth,  TX  76016 
USA 

817/967-3920 

DAVID  FAIRBAIRN 
Transport  Canada 
Place  de  Ville 
Tower  A,  9thFlr. 

Ottawa,  Ontario  K1A  ON8 

CANADA 

613/990-1401 

LARRY  V  FAIRCHILD 
Clough,  Harbour  &  Associates 
III  Winners  Cir. 

P.O.Box  5269 
Albany,  NY  12205 
USA 

518/453-3972 

RICH  FALCONE 
American  Airlines 
P.O.Box  619617 
MD875  -  GSWFA 
DFW  Airport,  TX  75261-9617 
USA 

817/967-8344 

FRED  FARRAR 

FAA/APA-300 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-8521 


TONY  FAZIO 

FAA/A1A-100 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-3230 

JOY  FEDDEN 
The  Austin  Company 
5109  Leesburg  Pike 
Falls  Church,  VA  22041 
USA 

703/671-4555 

RICHARD  FEELEY 

Rosemount,  Inc. 

1256  Trapp  Road 
Eagan,  MN  55121 
USA 

612/681-8922 

COLIN  S.  FENDER 
FAA/Transport  Standards 
1601  Lind  Ave.,  SW 
Renton,  WA  98055-4056 
USA 

206/227-2191 

JOSEPH  A.  FERRARESE 
J.  A.  Ferrarese  Associates, Inc. 
108  Sydnor  Hill  Ct. 

Leesburg,  VA  22075 
USA 

703/777-8206 

JOHN  FERRETH 

Mitech 

500  Scarborough  Dr. 
Pleasantville,  NJ  08232 
USA 

609/646-7272 

RONALD  FIELDS 

Nuclear  Regulatory  Commission 

MNBB  6715 

Washington,  DC  20555 

USA 

301/492-7170 

ROBERT  FINKELSTEIN 

Robotic  Technology,  Inc. 

10001  Crestleigh  Lane 
Potomac,  MD  20864 
USA 

301/762-1622 


JOAN  R.  FISHER 

SRM,  Inc. 

11303  Amherst  Ave. 

Suite  4 

Silver  Spring,  MD  20902 
USA 

301/949-7477 

DAVE  FITZGERALD 
Air  Line  Pilots  Association 
535  Hemdon  Pkwy. 

Herndon,  VA  22070 
USA 

703/689-4188 

GERALD  FITZGERALD 

AAAE 

4212  King  Street 
Alexandria,  VA  22302 
USA 

703/824-0504 

WARREN  FITZPATRICK 
Heat  Exchange  &  Transfer,  Inc. 
500  Superior  St. 

Carnegie,  PA  15106 
USA 

412/276-3388 

0DDMUND  FJELD 

Haggunds  Moelv  A/S 
Postboks  244 
N-2391,  Moelv 
NORWAY 
47/65-695-61 

J.  ROGER  FLEMING 
Air  Transport  Association 
1709  New  York  Ave.,  NW 
Washington,  DC  20016 
USA 

202/626-4021 

MERVYN  FLOYD 

Vibro-Meter  Corp. 

1  Progress  Rd. 

Billerica,  MA  01822 
USA 

508-663-7322 

JAMES  W.  FOGARTY 

USAir,  Inc. 

Greater  Pittsburgh  Inti.  Airport 
Pittsburgh,  PA  15231 

USA 

412/747  5980 
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BILL  FOSHEE 

FRED  FREYRE 

ADRIAAN  GERRITSEN 

FAA 

Dow  Chemical 

Grumman  Corp. 

KLM/Royal  Dutch  Airlines 

Larkin  Laboratory 

Corporate  Research  Center 

P.O.  Box  7700 

International 

1691  N.  Swede 

MS/AO  1-26 

Schiphoi  Airport,  1 1 17-ZL 

Midland,  Ml  48674 

Bethpage,  NY  11714 

Amsterdam/Schiphol,  NH 

USA 

USA 

THE  NETHERLANDS 

Conference 

517/636-6974 

516/575-1864 

31/20-649-0559 

EDWARD  L.  FOSS 

TilrtRY  L.  FRYE 

DARREN  GIBBS 

On  Airjiane 

Kreindler  &  Kreindler 

CCAIR,  Inc. 

USAF  Institute  of  Technology 

100  Park  Ave. 

New  York,  NY  10017-5590 

100  Terminal  Rd. 

2nd  Floor 

Wright-Patterson  AFB 

OH  45433 

Ground  Deir  ng 

USA 

Charlotte,  NC  28208 

USA 

212/687-8181 

USA 

513/255-2156 

HENRY  FOSTER 

704/359-8990 

NICHOLAS  GILMAN 

May  28  -  29, 1992 

B.  F.  Service,  Inc. 

TOM  FULTON 

Gilman,  Olson  &  Gilman 

JFK  International  Airport 

Delta  Airlines 

1815  H  St.,  NW 

Bldg.  263 

1030  Delta  Blvd. 

Ste.600 

Jamaica,  NY  11430 

Hartsfield  Int’l  Airport 

Washington,  DC  20006 

USA 

Atlanta,  GA  30320 

USA 

718/917-6135 

USA 

202/466-5100 

ERIC  E.  FOX 

404/715-6987 

JOHN  GINN 

Naval  Research  Lab 

JAMES  GARDNER 

Rosemount,  Inc. 

4555  Overlook  Ave.,  S.W. 

Hawaiian  Airlines 

Aerospace  Division 

Cod"  1210 

Box  30008 

1256  Trapp  Ro^u 

Washington,  DC  20375-5000 

Honolulu,  HI  96820 

Eagan,  MN  55121 

USA 

USA 

USA 

202/767-2271 

808/835-3476 

612/681-8922 

ROBERT  T.  FRANCiS 

MICHAEL  A.  GARREN 

MARIO  L.  GIORDANO 

FAA 

Midwest  Express  Airlines,  Inc. 

FAA 

American  Embassy 

555  W.  Air  Cargo  Way 

1 187  Thorn  Run  Exten.  Ste  200 

Paris,  APOAE  09777 

Milwaukee,  WI 53207 

FAAFSDOII 

FRANCE 

USA 

CoraopolLs,  PA  15108 

331-4296-1202 

414^769-5028 

USA 

J.  F.  FRAWLEY 

JOHN  R.  GAUGHAN 

412/644-5450 

American  Airlines 

Catalyst  &  Chemical  Services 

JOE  GLEASON 

O’Hare  Int’l  Airport 

2100  Muir  Way 

Arrow  Air,  Inc. 

PO  Box  66065 

Bel  Air,  MD  21015 

3550  NW  59th  Ave. 

Chicago,  IL  60666 

USA 

Miami,  FL  33122 

USA 

410/569-1200 

USA 

312/686-4631 

SIGGI  GERCKE 

305/526-0928 

EDMOND  FREEMAN 

Trans  World  Vrlines 

JOHN  G0GLIA 

FAA/AFS-510 

P.O.  Box  2n  126 

inii  .Assoc/Machinists  &  Aero  Workers 

PO  Box  20034  Gateway  Building 

Kansas  City  International  Airport 

73  Auburn  Street 

Dulles  Int’l  Airport 

Kansas  City,  MO  64 1 95 

Saugus,  MA  01906 

Washington,  DC  20041 

USA 

USA 

USA 

703/661-0362 

816/891-4298 

617/233-3675 

FAA  DOUG  GOLOBERG 

DAVE  HAASE 

MAH  HAMPTON 

Landrum  &  Brown 

Air  Line  Pilots  Association 

U.S.  GAO 

11279  Cornell  Park  Dr. 

535  Herndon  Pkwy. 

901  D  St.,  SW 

International  Cincilinati,  0H  45242 

Herndon,  VA  22070 

Ste.  802 

USA 

USA 

Washington,  DC  20024 

Conference  513/530-5333 

703/689/4229 

USA 

202/401-6578 

SUSAN  M.  GOULD 

KEITH  HAGY 

On  Airplane  Lockheed  Air  Terminal,  Inc. 

Air  Line  Pilots  Association 

TIMOTHY  F.  HANNEGAN 

Albany  County  Airport 

535  Herndon  Pkwy. 

U.S.  GAO 

_  .  .  Albany,  NY  12211 

Ground  Deicing 

Herndon,  VA  22070 

901  D  St.,  SW 

USA 

USA 

Ste  802 

518/869-5372 

703/689-4206 

Washington,  DC  20024 

USA 

ALBERT  K.  GRAHAM 

BOB  HALL 

202/401-6829 

Transport  Canada 

Air  Line  Pilots  Association 

May  28  -  29, 1992  515  chemin  de  L’Anse 

535  Herndon  Pkwy. 

BARRY  C.  HANSEN 

Vaudreuil 

Herndon,  VA  22070 

Gilman,  Olson  &  Pangia 

Montreal,  PQJ7V-8P3 

USA 

1815  H  St.,  NW 

CANADA 

703/689-4205 

Suite  600 

514/458-4639 

Washington,  DC  20006 

WILLIAM  P.  HALL 

USA 

TORE  GRANAAS 

Dulles  International  Airport 

202/466-5100 

IATA 

P.O.  Box  17045,  MA-210 

2000  Peel  St. 

Washington,  DC  20041 

1ERRY  HANSON 

Montreal,  PQH3A2R4 

USA 

Air  Line  Pilots  Association 

CANADA 

703/471-4322 

535  Herndon  Pkwy. 

514/844-6311X3410 

Herndon,  VA  22070 

JOE  HALLAHAN 

USA 

WILLIAM  GRAY 

Gannett  Co.  Inc. 

703/689-4189 

British  Airways 

North  Service  Rd.,  Hangar  A 

London  Airport,  Bldg.  1406 

Dulles  International  Airport 

ROBERT  0.  HARRIS 

Terminal  4,  (S144)  PO  Box  10 

Washington,  DC  20041 

Roy  F.  Weston,  Inc. 

Hounslow,  MIDDX  TW6-2JR 

USA 

Raritan  Plaza  1. 4th  Floor 

IJK 

703/66 1-8022 

Raritan  Center 

081/56-29456 

Kdison,  N.)  08837 

BILL  HALLECK 

USA 

TIMOTHY  J.  GREEN 

FAA 

908/225-3990 

Comair 

P.O.Box  66036 

P.O.Box  75021 

Chicago,  IL  60666 

IAN  HARTWELL 

Cincinnati.  OH  45275 

USA 

MD  Dept,  of  Natural  Resources 

USA 

312/601-5509 

Tawes  State  Office  Bldg. 

606/525-2550 

B-2 

JAMES  HALLIBURTON 

Annapolis.  MD  21401 

K.  SCOTT  GRIFFITH 

American  Trans  Air 

1  SA 

Allied  Pilots  Assoc. 

7200  West  Washington  St. 

410/974- -3782 

P.0  Box  5524 

Indianapolis.  IN  46241 

Arlington.  TX  76005 

USA 

LEONARD  HASLIM 

USA 

317/290  8153 

NASA  Antes  Research  Center 

21  1/1188-3188x2:18 

MS  237-1 1 

TRICIA  HALPIN 

Moffett  Field.  CA  94035 

MARK  D.  GR0PP 

FAA  Great  Lakes 

USA 

Lowe  environmental  Sciences.  Inc. 

2300  Fast  Devon 

415/6114  6575 

7100  Peachtree  Diimvnndy  lid 

lies  Plaines.  II, 60018 

Atlanta,  OA  30:128 

USA 

1  SA 

312/694-7160 

404/399  onto 
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DAVID  HASTIE 

FRANCIS  C.  HEIL 

America  West  Airlines 

FAA/AGC-220 

■1000  Hast  Sky  Harbor  Blvd, 

800  Independence  Ave.,  SW 

14  TOT 

Washington,  I)U  20791 

Phoenix,  AZ  87004 

USA 

USA 

202/207-8770 

602/00:1-8400 

WILFRID  HEINEMANN 

OTIS  H.  HASTINGS 

Fed.  Office  Civil  Aeronautics 

Thermion,  Inc. 

0000  Braunschweig 

21  Industrial  Ave. 

Flughafen 

1  pper  Saddle  River,  N.l  07478 

OKRMANY 

USA 

0701/2077-1 

201/027-0110 

HEINZ  HELLEBRAND 

ELMER  HAUPT 

FAA/AIR-120 

NHAA 

800  Independence  Ave.,  SW 

1200  18th  St.,  NW 

Washington,  DC  20791 

Ste.  200 

USA 

Washington,  DC  20000 

202/207-9777 

USA 

202/780-0000 

KEITH  M  HELLYER 

Brit  ish  Airways 

BOB  HAWK 

N21D,  TBA,  (S429) 

Fokker  Aircraft  I'  S.A,  Inc. 

P.O.Box  10,  UIR 

1 100  North  Fairfax  Street 

Alexandria,  VA  22014 

Hounslow.  Middlesex  TWO  2JA 

UK 

ISA 

081/702-7490 

700/808-0001 

HAROLD  E  HEMMING 

ROBERT  A.  HAZEL 

Transport  Canada 

USAir.  Inc. 

200  Kent  St. 

2047  Crystal  Dr. 

Centennial  Towers  (AARRE) 

Arlington.  VA  22227 

Ottawa.  I’rov.  Ontario  K1AONS 

ISA 

CANADA 

700/118  7084 

010/9911  It  HIS 

WEBSTER  HEATH 

THOMAS  HENDERSON 

Douglas  Aircraft  Company 

Airlmrne/CCTV 

170.7  Jefferson  Davis  llwy. 

4220  Von  Karman  Ave. 

Sic.  12IHI.I  MCOIII  l)|8!) 

Newport  Beach.  C  A  92000 

Arlington.  VA  22202 

USA 

1  SA 

714/200  7770 

700/770  2187 

WILLIAM  HENDRICKS 

ROGER  A  HECKMAN 

FA.VAAI  1 

ARCO  Chemical  Company 

800  Independence  Ave..  SW 

0801  West  Chester  Pk. 

Washington.  DC  20.791 

Newtown  Sitnare.  PA  1  fll  170 

1  SA 

ISA 

202/207  9012 

l  l-i/!  i.iii 

RICHARD  HEUWINKEL 

F.VVASC  OOO 

800  Independence  Ave  ,  SW 
Washington.  DC  20791 

ISA 

TRAVIS  HICKS 

FAA 

USAir,  Inc. 

4980  Tampa  West  Blvd. 

Tampa,  FL  08604-2481 

USA 

International 

810/887  0494 

Conference 

JOHN  HIENTE 

Transport  Canada 

On  Airplane 

200  Kent  St  . 

7th  Floor  East 

Ottawa,  ON  K2P  2.18 

CANADA 

010/972 -44(H) 

Ground  Deicing 

ED  HIGHTOWER 

KMC  Airline  Equipment  Div. 

70' Presidents  Dr. 

Orlando,  FI,  02809 

USA 

407-870-2894 

May  28  -  29, 1992 

MICHAEL  HILDRETH 

Trans  World  Airlines 

P.O.  Box  20120 

Kansas  City  International  Airpori 
Kansas  City.  Ml  >04 195 

ISA 

810/891  -4298 

EUGENE  G  HILL 

Boeing  Commercial  Airplane  Croup 
IM>.  Box  :IT07 
M/S  OM  W  E 

Seattle,  \VA  !ISI  21-2207 
ISA 

200/287-7778 

FRANK  HILLDRUP 

NTOB 

4911  l.'Enlaul  IMaxa  S\V  (AS  111) 
Washington.  DC  21 17! I  I 
ISA 

202/082  0700 

JANE  K  HINKLE 

Octagon  Process.  Inc 
7! Hi  Kiwi  Kil 
Edgowaler,  N.l  1 17(12(1 
I  SA 
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KEN  HINKLE 

DONALD  HOOD 

AGNES  J.  HUFF 

Nashville  Inti.  Airport 

Southwest  Airlines 

USAir,  Inc. 

One  Terminal  Dr. 

P.O.Box  36611 

6151  W.  Century  Blvd. 

Ste.501 

Dallas,  TX  75135 

Ste.  508 

Nashville,  TN  37214 

USA 

Los  Angeles,  CA  90045 

USA 

214/904-4049 

USA 

615/275-1762 

WILLIAM  W.  HOOVER 

310/917-1294 

JEAN  HINTON 

Air  Transport  Association 

BEN  HUMPHREY 

FAA/AIR-101 

1709  New  York  Ave.,  NW 

FAA/APO-310 

800  Independence  Ave.,  SW 

Washington,  DC  20006 

800  Independence  Ave.,  SW 

Washington,  DC  20591 

USA 

Washington,  DC  20951 

USA 

202/626-4003 

USA 

202/267-9752 

ANDREAS  HOPPE 

202/267-3472 

KENNETH  W.  HOEFS 

Aviation  Planning  Services,  Ltd. 

JAY  HURLEY 

Boeing  Commercial  Airplane 

1  Place  Ville  Marie 

Northwest  Airlines 

USA 

Ste.  1725 

5101  Northwest  Dr. 

Montreal,  Quebec  H3B  2C1 

Dept.  N7310 

JAAP  HOFSTRA 

CANADA 

St.  Paul,  MN  55111-3034 

Fokker  Aircraft  B.V. 

514/8784388 

USA 

PO  Box  7600 

612/727-7775 

1 1 1 7  ZJ  Schiphol 

ROBERT  G.  HORNE 

Schiphol, 

Ontario  Express  Ltd. 

FRED  C.  HYMAN 

HOLLAND 

P.O.  Box  69 

NTSB 

020-6052320 

Toronto,  ON  L5P-1A5 

490  L’Enfant  Plaza  East,  SW 

CANADA 

Washington,  DC  20594 

PHIL  HOGG 

416/676-7646 

USA 

United  Airlines 

202/382-6694 

PO  Box  6100 

JONATHAN  HOWE 

Chicago,  IL  60666 

Zuckert,  Scoutt  &  Rasenberger 

STUART  INKPEN 

USA 

888  17th  St.,  NW 

INSTRUMAR  Limited 

708/952-4580 

Washington,  DC  20006 

P  O.  Box  13246,  Stn.  A 

USA 

25  Pippy  PI. 

RANDALL  R.  HOLT 

202/298-8660 

St.  John's,  NFA1B4A5 

Federal  Express  Corp. 

CANADA 

2892  Business  Pk. 

JACK  D.  HOWELL 

709/726-8460 

Memphis,  TN  381 18-2890 

FAA 

USA 

FAA  Technical  Center 

KATHI ISHIMARU 

901/369-2879 

ACT-2 

FAA/Seattle  ACO 

AC  Inti  Airport,  NJ  08405 

1601  Lind  Ave.  SW 

CHIP  HOMME 

USA 

Renton,  WA  98055 

Airborne  Express 

609/484-6653 

USA 

145  Hunter  Dr. 

206/227-2674 

Wilmington,  OH  45177 

CECIL  H0YER 

USA 

FAA/ASD-I00 

DALE  ISTWAN 

513/382-5591x2534 

800  Independence  Ave.,  SW 

A*r  Line  Pilots  Association 

Washington,  DC  20591 

535  Herndon  Pkwy. 

SEE  HAI  HO 

US, 

Herndon,  VA  22070 

C.A.A.  of  Singapore 

202/366-0771 

USA 

P.O.Box  1 

703/6894229 

Singapore  Changi  Airport 

CHA0-KA0  HUAWN 

SINGAPORE 

China  Airlines  Ltd. 

9181 

C.K.S.  International  Airport 

Taipei,  R.O.C.  33901 

TAIWAN 

3-398-7360 
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ALAN  L.  ISZAUK 

Applied  Creativity,  Inc. 

P.O.Box  322 
Export,  PA  15632 
USA 

412-327-0054 

WILLIAM  JACKMAN 

ATA 

1709  New  York  Ave. 

Washington,  DC  20006 
USA 

202/6264172 

GEORGE  JACKSON 
Ogden  Aviation  Services 
P.O.  Box  17143 
Washington,  DC  20041 
USA 

703/661-8551 

UFFE JACOBSEN 
Scandinavian  Airlines  System 
SAS,  Dept.  CPHME 
Postbox  150 
Kastrup,  DK-2770 
DENMARK 
45/3232-4218 

JAY  JAHANGIN 

Met.  Washington  Airports  Authority 
MC/MA-110 

Washington  National  Airport 
Washington,  DC  20001 
USA 

CHUCK  JAMES 
Continental  Airlines 
8250  Smith  Rd. 

Denver,  CO  80207 
USA 

303/780-4028 

PHILIP  W  JAMES 

IATA 

2000  Peel  St. 

Montreal,  PQ  H3A  2R4 
CANADA 

5 1 4/844-63 11x34 13 

JIMMY  E  JAR0EE 

KAA 

0500  S  Mao  Arthur 
P.O  Box  25082 

Oklahoma  City.  OK  7312:>  5024 
I  SA 

4115; Wo  0.57 1 


MICHAELS,  JARRELL 
Union  Carbide 
P.O.  Box  8361 
S.  Charleston,  WV  25303 
USA 

304/747-5280 

DAVID  JEFFREY 

AAAE 

4212  King  St. 

Alexandria,  VA  22302 
USA 

703/824-0504 

BRIAN  K.  JENSEN 

Air  Canada 

P.O.  Box  14000 

St.  Laurent,  PQ  H4Y 1H4 

CANADA 

514/422-5451 

MIKE  JOBANEK 

Aviation  Science  &  Technology 

16114  Pointer  Ridge  Dr. 

Bowie,  MD  20716 
USA 

301/390-7027 

KEITH  L.  JOHNSON 
Cryotech  Deicing  Technology 
3550  General  Atomics  Ct. 

San  Diego,  CA  92186-9784 
USA 

619/455-3446 

STANLEY  B.  JOHNSON 
Air  Wisconsin  Airlines 
203  Challenger  Dr. 

Outaganie  Airport. 

Appleton,  W1 54915 
USA 

703/661-3525 

JANET  B.  JONES 

FAA/AFS-450 

800  Independence  Ave. 

Washington,  DC  20591 

USA 

202/267-3743 

MARGARET  M.  JONES 
Katten  Michin  Zavis  &  Dombroff 
1025  Thomas  Jefferson  St.,  N\V 
r  e.  700  East  Lobby 
..ishington,  IK'  20007-52111 
USA 

202/025-3500 


THOMAS  B.  JONES 

Gannett  Co.  Inc. 

North  Service  Rd.,  Hangar  A 
Dulles  International  Airport 
Washington,  DC  20041 
USA 

703/661-8022 

KLAS  JONSSON 
Scandinavian  Airlines 
Frosundaviks  Alle  1 
Stockholm,  5-16187 
SWEDEN 
46/8-797-2883 

DEEPAK  JOSMI 

NTSB 

490  L’Enfant  Plaza  SW  (AS-40) 
Washington,  DC  20594 
USA 

202/382-6653 

ROY  JUDY 
U.S.  GAO 
901  D  St.,  SW 
Ste.  802 

Washington,  DC  20024 
USA 

202/401-6026 

JOHN  C.  KAL 

FAA/AAS-300 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-8729 

JOHN  A.  KALDEWAY 

Lester  B.  Pearson  Inti.  Airport 

Transport  Canada 

P.O.  Box  6003 

Toronto,  ON  L5P  1B5 

CANADA 

416/676-5509 

KRZYSZTOF  KAMINSKI 

LOT 

International  Airport 
Warsaw-Okecie, 

POLAND 

469-715 


FAA 

International 
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On  Airplane 
Ground  Deicing 
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FAA  KENNY  KAULIA 

JAMES  KERR 

DAVID  A.  KIPP 

Air  Line  Pilots  Association 

Milwaukee  County  Airports 

Bums  &  McDonnell 

535  Herndon  Pkwy. 

Inlpmatmnal 

Mitchell  Int’I  Airport 

4800  E.  63rd  St. 

international  Herndon,  VA  22070 

Milwaukee,  W1 53207 

P.O.Box  419173 

USA 

USA 

Kansas  City,  MO  64141 

Conference  703/689-4333 

414/747-5300 

USA 

WILLIAM  C.  KEIL 

GLENN  KESSLER 

816/822-3319 

On  Airplane  Regional  Airline  Association 

Newsday 

DICK  KIRSCH 

1 101  Connecticut  Ave.,  NW 

2  Park  Ave. 

FAA/AIR-120 

Ground  Deicing  ste'700 

New  York,  NY  10016 

800  Independence  Ave. 

Washington.  DC  20036 

USA 

Washington,  DC  20591 

USA 

212/251-6612 

USA 

202/267-9565 

JEAN  CLAUDE  KEUCK 

RICHARD  8.  KEINZ 

SPCA 

ROBERT  L.  KISKER 

May  28  -  29, 1992  Metro.  Airports  Commission 

7  Quai  Marcel  Boyer 

Union  Carbide 

6040  28th  Ave.,  So. 

Ivry  sur  Seine,  94290 

39  Old  Ridgebury  Road 

Minneapolis,  MN  55450 

FRANCE 

Danbury,  CT  06817-0001 

USA 

33/1-4597-3570 

USA 

612/726-8134 

203/794-3233 

S.  H.  KIM 

JOHN  F.  KELLEHER 

Korean  Airlines  Engineering  Dept. 

LARRY  KLINE 

CC  AIR,  IncVUS  Air  Express 

1  Kong  Hang  Dong,  Kang  Seo  Ku 

Southwest  Airlines  Pilots'  Assoc. 

100  Terminal  Rd. 

Kimpo  Inti.  Airport 

8036  Aviation  PI. 

2nd  Floor 

Seoul,  157-240 

LB#7 

Charlotte,  NC  28208 

KOREA 

Dallas,  TX  75235 

USA 

82/2-660-7449 

USA 

704/359-4571 

800/969-7972 

WAYNE  KINDER 

JOHN  H.  KELLY 

Air  Line  Pilots  Association 

HUGH  KNIGHTON 

Heat  Exchange  &  Transfer,  Inc. 

535  Herndon  Parkway 

Southwest  Airlines 

500  Superior  St. 

Herndon,  VA  22070 

Hobby  Airport 

Carnegie,  PA  15106 

USA 

7800  Airport  Blvd. 

USA 

703/689-4229 

Houston,  TX  77061 

412/276-3388 

USA 

DANIEL  E.  KING 

PAUL  P.  KELLY 

USAir 

713/845-2284 

21st  Century  Technology 

Great.  Pitts.  Inti  Airport 

JACK  R.  KNOX 

733  15th  St.,  NW 

Rm  M  142 

Lockheed  .Air  Terminal.  Inc. 

Suite  70(1 

Pittsburgh.  PA  15231 

Albany  County  Airport 

Washington,  DC  20005 

USA 

Albany,  NY  12211 

USA 

412/472-7921 

USA 

202/393-3243 

518/869-9075 

DENNIS  J.  KING 

ROBERT  J.  KELLY 

USAir  Express/.let  Express 

IVAN  KOCH 

Port  Authority  of  NY  &N.I 

PO  Box  948 

USAir 

1  World  Trade  Center 

Louisa.  VA  23093 

Gr.Pittsburgh  lnt'1.  Airport 

Ste.  65  W. 

ISA 

Pittsburgh.  PA  15231 

New  York,  NY  I004K 

703/967-950 1 

USA 

USA 

412/472-7062 

212/435-3621 
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LARS  KOCK 

EDGARS  A.  KUPCIS 

GARY  LACINA 

FAA 

A/S  Rouiunds  Fabriker 

Boeing  Commercial  Airplane  Group 

FAA/AVN 

Hestehaven 

1700  N.  Moore  St. 

P.O.  Box  25082 

International 

Odense  S,  DK5260 

20th  Floor 

Oklahoma  City,  OK  73125 

DENMARK 

Arlington,  VA  22209 

USA 

DK/661  15515 

KENNETH  KOLSUR 

USA 

703/558-9650 

405/680-6434 

JEAN-L0UIS  LAF0RTE 

Conference 

USAir  Express/Jet  Express 

MURRAY  KUPERMAN 

Univ.  Quebec  a  Chicoutimi 

On  Airplane 

P.O.Box  948 

United  Airlines 

555  University  Blvd. 

Louisa  County  Industrial  Park 

(SFOEG)  Maintenance  Ops.  Center 

Chicoutimi,  PQ  G7H  2B1 

Ground  Deicing 

Louisa,  VA  23093 

San  Francisco  Inti.  Airport 

CANADA 

USA 

703/967-9501 

ARNOLD  K0NHEIM 

San  Francisco,  CA  94128-3800 

USA 

415/876-4805 

418-545-5047 

DONALD  E.  LAM0NT 

Air  Transport  Assoc,  of  Canada 

May  28 -29, 1992 

DOT 

MAX  L.  KUR0WSK1 

747  Metropolitan  Life  Bldg. 

P-15 

American  Airlines 

99  Bank  St. 

Washington,  DC  20590 

3800  N.,  Mingo  Rd. 

Ottawa,  ON  KIP  6B9 

USA 

P.O.Box  582809 

CANADA 

202/366-4849 

Tulsa,  OK  74158 

USA 

613/233-7727 

MARK  K00SMANN 

Rosemount,  Inc.,  Aerospace  Div. 

918/292-2297 

JACK  LAMPE 

United  Airlines 

14300  Judicial  Rd. 

CLAUDIUS  LABURTHE 

O’Hare  Int’l.  Airport 

Burnsville,  MN  55337 

Airbus  Industrie 

P.O.  Box  66140 

USA 

1  Rond  Point  Maurice  Bellonte 

Chicago,  IL  60666 

612/892-4367 

JAMES  A.  KOPF 

BP33 

Blagnac,  31700 

FRANCE 

USA 

312/601-2600 

U.S.  Department  of  HHS 

330  Independence  Ave.  ,SW 

33-61-933992 

MIKE  LANGLEY 

Southwest  Airlines  Pilots'  Assoc. 

Washington,  DC  20201 

BRUCE  LAPENTA 

8036  Aviation  PI. 

USA 

Roy  F.  Weston,  Inc 

LB#7 

202/619-0524 

Raritan  Plaza  1, 4th  Floor 

Raritan  Center 

Dallas,  TX  75235 

USA 

B0HDAN  N.  K0RZENI0WSKI 
Philadelphia  Inti.  Airport 

Edison,  NJ  08837 

USA 

800/969-7972 

3751  Island  \ve. 

3rd  Fir. 

908/225-3990 

JOSEPH  P.  LANNEY 

American  Airlines 

Philadelphia,  PA  19153 

JOE  LAR0CCA 

Logan  Int’l  .Airport 

USA 

Douglas  Aircraft  Co. 

East  Boston.  \1A  02128 

215/937-1951 

RONALD  A.  KRILLA 

P.O.  Box  1771,  MC  73-30 

Long  Beach,  CA  90801 

USA 

USA 

617/561-8032 

United  Airlines 

280  White  Oak  Ridge  Rd. 

310/593-4581 

BENJAMIN  LARDIERE 
DATAPRODUCTS  New  England,  Inc. 

Bridgewater,  N.l  08807 

ANDREW  R.  LACHER 

50  Barnes  Park 

USA 

The  MITRE  Corporation 

North  Wallingford,  CT  06490 

908/526-7629 

TZU-MAO  KUNG 

China  Airlines  Ltd. 

C.K.S.  International  Airport 

7525  Colshire  Dr. 

McLean,  VA  22102 

USA 

703/883-7182 

USA 

203/265-7151 

Taipei,  R.O.C.  33001 

TAIWAN 

:l/3im-7360 
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BOB  LARGIN 

DEL0IS  T.  LEAPHEART 

Delta  Air  Lines,  Inc. 

The  Dow  Chemical  Company 

Hartsfield  Atlanta  Inti.  Airport 

2020  Dow  Center 

Atlanta,  GA  30320 

Midland,  MI  48674 

USA 

USA 

404/714-8466 

517/636-8397 

JOHN  K.  LAUBER 

JEAN  LEBEL 

NTSB 

Union  Carbide 

490  L’Enfant  Plaza  East,  SW 

10455  Metropolitan  Blvd. 

Washington,  DC  20594 

Montreal,  PQ  H1B  1A1 

USA 

CANADA 

202/382-6504 

514/640-6400 

MICHAEL  J.  LAUCIUS 

ALLEN  LEB0 

Boeing  Commercial  Airplane  Group 

NTSB 

P.O.Box  3707 

490  L’Enfant  Plaza  East,  SW 

MS  2J-52 

Washington,  DC  20594 

Seattle,  WA  98124-2207 

USA 

USA 

206/644-8556 

202/382-6674 

LEWIS!  LECHLEITER 

MARIO  LAUR0 

Federal  Express  Corp. 

DOT 

2003  Corporate  Ave. 

7th  &  D  Sts.,  SW 

Memphis,  TN  38132 

Room  92 10,  J-l 

USA 

Washington,  DC  20590 

USA 

901/395-4789 

202/366-6767 

DENNIS  C.  LEE 

Federal  Express 

HARVEY  LAYDEN 

P.O.Box  727 

Transport  Canada  Aviation  Regulation 

Memphis,  TN  38194-0123 

360  Laurier  Ave.,  West 

USA 

Ottawa,  Ontario  K1 A  ON8 

CANADA 

901/797-4308 

613/991-4744 

JOSEPH  T.  LEE 

ARCO  Chemical  Company 

WILLIAM  LAYN0R 

3801  West  Chester  Pk. 

NTSB 

Newtown  Square,  PA  19073 

490  L’Enfant  Plaza  East,  SW 

USA 

Washington,  DC  20594 

USA 

215/359-2057 

202/382-6610 

LISA  J.  LEE 

American  Airlines 

JACQUES  LER0UX 

4333  Amon  Carter  Blvd. 

Union  Carbide 

Ft.  Worth,  TX  76155 

7400  Boul,  Les  Galeries  D’ Ary  oil 

USA 

Ste.  360 

Apjou,  PQ  HIM  3M2 

817/967-3416 

CANADA 

MATTHEW  H.  LEE 

514/493-2606 

Landrum  &  Brown 

1 1279  Cornell  Park  Dr. 
Cincinnati,  OH  45242 

USA 

513/530-5333 

GEORGE  LEGARRETA 

FAA/AAS-100 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202-267-8766 

EDMOND  P.  LENIHAN 
American  Airlines 
3800  N.  Mingo  Rd. 

PO  Box  582809,  M.D.  117 
Tulsa,  CK  74158-2809 
USA 

918/292-2683 

ALAIN  LE0MANT 
Avions  de  Transport  Regional 
1,  Allee  Pierre-Nadot 
31712  Blagnac 
Cedex, 

FRANCE 

33-61931152 

GLENN  LEONARD 

AMR  Eagle 

4333  Amon  Carter  Blvd. 

Ft.  Worth,  TX  76155 
USA 

817/967-9754 

TERRY  LEONARD 

DHL  Airways,  Inc. 

P.O.Box  75122 
Cincinnati,  OH  45279 
USA 

606/383-2232 

FREDERICK  J.  LE0NELLI 

FAA/AFS-300 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-3546 

MEL  LEVINSON 

FAA/AFS-330 

800  Independence  Ave.,  SW 
Washington,  DC  20591 
USA 

202/267-7169 

BERNT  H  LIDSTR0M 

De-Icing  System,  Inc. 

8737  Red  Deer  Cir. 

Louisville,  KY  40220 
USA 

502/499-8609 
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JOHN  LIECHTY 

PETER  L0H 

WILLIAM  S.  LYONS 

FAA 

Zantop  Inti.  Airlines 

Singapore  Airlines,  Ltd. 

5601  Seminary  Rd. 

840  Willow  Run  Airport 

Ypsilanti,  MI  48198 

Airline  House 

25  Airline  Rd. 

Ste.  #6 

Falls  Church,  VA  22041 

International 

USA 

Singapore,  1781 

USA 

313/941-8900x284 

SINGAPORE 

703/998-8600 

Conference 

DENNIS  LISI 

65/541-5311 

DAVID  M.  MACD0WELL 

Mobil  Corp. 

JOHN  L0RIA 

American  Trans  Air 

On  Airplane 

North  Service  Rd.  Hangar  “C" 

NASA  HQ 

7337  W.  Washington  St. 

Dulles  International  Airport 

600  Independence  Ave.,  SW 

Indianapolis,  IN 

Ground  Deicing 

Washington,  DC  20041 

Washington,  DC  20546 

USA 

USA 

USA 

317/240-7389 

703/661-3850 

202/453-2838 

BOB  MACMILLAN 

EVY  LISTY0RINI 

LARRY  LUBBERS 

Vibro-meter  Corp. 

May  28 -29, 1992 

Indonesian  Aircraft  Industry 

MD  Dept,  of  Natural  Resources 

PO  Box  2330 

JL  P^jgjaran  No.  154 

TID,B-3, 580  Taylor  Ave. 

Peachtree  City,  GA  30269 

PT/1PTN 

Annapolis,  MD  21401 

USA 

Bandung,  40174 

USA 

404/631-0111 

INDONESIA 

022-633900x2412 

410/974-2671 

SUZANNE  M.  LUBIN 

MIKE  MACMILLAN 

Lee  Laird  Associates 

GARY  LIUM 

IAPA 

529  Fifth  Ave. 

FAA 

4900  Seminary  Rd. 

New  York  City,  NY  10017 

Northwest  Mountain  Region 

Alexandria,  VA  22311 

USA 

1601  Lind  Ave.SW 

USA 

212/986-1040 

Renton,  WA  98055 

USA 

703/379-1152 

JACK  MACIDULL 

GARY  M.  LUCZAK 

FAA/ASA-204 

MARYALICE  LOCKE 

Greiner,  Inc. 

NASSIF  Bldg.,  400  7th  St,  SW 

FAA/AEE-20 

2219  York  Rd. 

Rm.  2227 

800  Independence  Ave.,  SW 

Suite  200 

Washington,  DC  20590 

Washington,  DC  20591 

Timonium,  MD  21093 

USA 

USA 

USA 

202/366-2088 

202/267-3495 

410/561-0100 

GERALD  R.  MACK 

WOOD  LOCKHART 

MARTIN  LUSTENBERGER 

Boeing 

Air  Line  Pilots  Association 

Vibro-Meter  Sa. 

P.O.Box  3707 

535  Herndon  Pkwy. 

Rue  De  Moncor  4 

Mailstop  6R-UK 

Herndon,  VA  22070 

1700  Fribourg 

Seattle,  WA  98124-2207 

USA 

SWITZERLAND 

USA 

703/689-4197 

011  41-3787-1442 

206/234-9570 

TIMOTHY  J.  LOGAN 

MICHAEL  E.  LYNN 

FRANK  MADUR0 

Northwest  Airlines 

Capital  Region  Airport  Authority 

KLM/Royal  Dutch  Airlines 

5101  Northwest  Dr. 

Capital  City  Airport  Terminal  Bldg, 

Schiphol  Airport 

M/S  N-7180 

Unsing,  MI  48906 

Amsterdam, 

St. Paul,  MN  55123 

USA 

THE  NETHERLANDS 

USA 

517/321-6121 

011/3120-6491-219 

612/727-4435 

MARK  MAJIKAS 

Air  Line  Pilots  Association 

535  Herndon  Pkwy. 

Herndon,  VA  22070 

USA 

703/689-4198 
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FAA 

PHILLIP  S.  MAKOWKA 

WILLIAM  MARX 

BRENT  MCCARTHY 

Dataproducts  New  England,  Inc. 

FAA/ATM-100 

Camp  Dresser  &  McKee,  Inc. 

International 

50  Barnes  Park 

800  Independence  Ave.,  SW 

10  Cambridge  Ctr. 

North  Wallingford,  CT  06490-0300 

Washington,  DC  20591 

Cambridge,  Ma  02142 

USA 

USA 

USA 

Conference 

203/265-7151 

202/267-9371 

617/252-8259 

JAY  P.  MALONEY 

CHARLES  0.  MASTERS 

WILLIAM  MCCLIMCHY 

On  Airplane 

Alaska  Airlines 

FAA  Technical  Center 

Pan  Am  Sr.  Engineer  (Ret.) 

Box  68900 

ACD-230 

71  Ocean  Ave. 

Ground  Deicing 

Seattle,  WA  98168-0090 

A.C.Internationa!  Airport 

Center  Moriches,  NY  119:34 

USA 

Atlantic  City,  NJ  08405 

USA 

206/431-7814 

USA 

609/4844146 

516/878-1561 

JOHN  M.  MANNING 

JOHN  C.  MCCLURE 

Skywest  Airlines 

STANLEY  E.  MATTHEWS 

Dow  Chemical 

May  28 -29, 1992 

50  East  100  South 

FAA/ATM-2 

1691  No.  Swede  Rd. 

St.  George,  Utah  84770 

800  Independence  Ave.,  SW 

Midland,  MI  48674 

USA 

Washington,  DC  20591 

USA 

801/634-3743 

USA 

517/636-3291 

JOHN  MAPEL 

202/267-9360 

ANDREW  S.  MCCLYM0NT 

FAA 

STUART  MATTHEWS 

Airbus  Industrie 

NASSIF  Bldg.,  400  7th  St.,  SW 

Fokker  Aircraft 

1  Rond  Point  Maurice  Bellante 

Rm.  2227 

1 199  N.  Fairfax  St. 

Blagnac,  31707 

Washington,  DC  20590 

Alexandria,  VA  22306 

FRANCE 

USA 

USA 

3:1/61-934515 

202/366-2088 

703/838-0100 

ERIC  MCC0NACHIE 

BOB  MARTIN 

STEPHEN  MATULA 

Aviation  Planning  Services,  Ltd. 

Memphis-Shelby  County  Airport  Auth. 

Aviation  Resources  Group,  Inc. 

1  Place  Ville  Marie 

Martin  &  Associates 

205  S.  Whiting  St. 

Ste.  1725 

P.O.  Box  30168 

Ste.  405 

Montreal.  Quebec  H3B  2C1 

Memphis,  TN  38130-0168 

Alexandria,  VA  22304 

CANADA 

USA 

USA 

514/878-4388 

901/922-8061 

703/823-2533 

LLOYD  A.  MCC00MB 

CHARLES  A.  MARTIN 

PAUL  MAXWELL 

Safety  and  Technical  Services 

Martin  &  Associates 

Delta  Petroleum  Co. 

Place  de  Ville 

298  Oldham  Way 

Box  39 

Ottawa,  Ontario  K1A  ON8 

Hudson,  OH  44236 

Commerce  City.  CO  80037 

CANADA 

USA 

USA 

613/990-1424 

216/656-0648 

303/289-4483 

MICHAEL  MCCOY 

BEN  MARTINEZ 

TOM  MCBR00M 

Bechtel  Corp. 

Maryland  Aviation  Administration 

American  Airlines 

New  Denver  Airport  Office 

P.O.  Box  8766 

P.O.  Box  619617 

Stapleton  Airport,  Term.  Bldg. 

Terminal  Building 

DFW  Airport 

Denver.  CO  80207 

Balt  Airport,  Ml)  21240 

DFW.TX  T  .61-9617 

USA 

USA 

USA 

303/270-1995 

410/859-7020 

817/967-5116 
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ROBERT  C.  MCCRACKEN 

CHARLES  A.  MCINTYRE 

JAAP  MEYER 

FAA 

FAA 

Hudson  General  Corp. 

Aviation  Authorities 

Northwest  Mountain  Region 

Ill  Great  Neck  Rd. 

P.O.Box  575 

International 

1601  Lind  Ave.,SW 

Great  Neck,  NY  11022 

Hoofddorp,  2130AN 

Renton,  WA 

USA 

NETHERLANDS 

USA 

516/487-8610 

31/2503-63205 

Conference 

2C  6/227-21 18 

THOMAS  E.  MCSWEENY 

AL  MICHAELS 

ROBERT  M.  MCCULLOUGH 

FAA/AIR-2 

FAA 

On  Airplane 

lISAir 

800  Independence  Ave.,  SW 

PO  Box  20034 

Greater  Pittsburgh  Int’l  Airport 

Washington,  DC  20591 
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Washington,  DC  2059J 

USA 

103  Oronoco  St. 

USA 

212/435-7065 

RONALD  J.  R0SENHAHN 

Alexandria,  VA  22314-2096 

USA 

202/267-8190 

703/683-3400 

ROBERT  SCHARBACK 

FAA 

Hesco,  Inc. 

Dulles  Airport 

DAVID  RYAN 

4  Trappers  Park 

Chantilly,  VA 

NBAA 

Wading  River,  NY  1 1 792 

USA 

1200  18th  St„  NW 

USA 

70:1/661-0373 

Ste.  200 

516/929-5680 

FOSTER  ROSS 

Washington,  IK:  20036 

USA 

RONALD  F.  SCHIAFF0 

Kilfrost  Limited 

202/783-9000 

Trans  World  Airlines 

Albion  Works 

Ground  Ops,  Center 

Haitwhistle,  Northumberland  NE49 

JOHN  R.  RYAN 

P.O.  Box  10007 

Oil.) 

ATM 

St.  Louis,  MO  63145 

UK 

USA 

USA 

434/320-332 

SHEILA  D.  RYAN 

314/429-8468 

PETER  ROTS 

Federal  Express 

BILL  SCHILLINGER 

Continental  Airlines,  Inc. 

U.S.  Mail  Box  727 

Mobil  Corp. 

Ste  800 

Memphis,  TN  38194-1842 

North  Service  Rd.  Hangar  “C” 

15333  JFK  Blvd. 

USA 

Dulles  International  Airport 

Houston,  TX  77032 

901/395-3965 

Washington,  DC  20041 

USA 

USA 

713/985-2627 

MARK  J.  SALMEN 

703/661 -'1850 

Northwest  Airlines 

5101  Northwest  Or. 

Dept.  N7310 

St.  Paul,  MN  551 11-3034 

USA 

612/727-4019 
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FAA 

JAMES  S.  SCHMIDT 

MARSHALL  L.  SEYMOUR 

SHINSUKE  SHIMIZU 

Martin  Marietta 

Sverdrup  Technology 

All  Nippon  Airways 

International 

475  School  St.,  SW 

2001  Aerospace  Pkwy. 

c/o  Boeing  Co.,  M/S  OC-92 

Washington,  DC  20024 

Brook  Park,  OH  44142 

P.O.  Box  3707 

USA 

USA 

Seattle,  WA  98124 

Conference 

202/646-5652 

216/826-6745 

USA 

ALAN  SCHNEIDER 

GREGORY  SHAMITKO 

206/342-1231 

On  Airplane 

USAir 

USAir,  Inc. 

JAMES  SHIPE 

2345  Crystal  Dr. 

GP1A  Mail  Route  P1T/K125 

United  Airlines 

Ground  Deicing 

Arlington,  VA  22227 

USA 

Pittsburgh,  PA  15231 

USA 

Rt.  2  Box  343  B 

Lovettsville,  VA  22080 

703/418-5232 

412/747-3070 

USA 

E.F.  SCHOLTEN 

GENE  SHARPE 

703/822-4087 

May  28  -29, 1992 

KLM,  Royal  Dutch  Airlines 

USAir,  Inc. 

DAN  SICCHI0 

Kennedy  Int’l  Airport 

Greater  Pittsburgh  Int’l.  Airport 

Air  Line  Pilots  Association 

Bldg.  51 

Pittsburgh,  PA  15108 

535  Herndon  Parkway 

Jamaica,  NT  1 1430 

USA 

Herndon,  VA  22070 

USA 

412/747-5540 

USA 

718/632-2653 

E.  CRAIG  SHAW 

703/689-4229 

JOSEPH  M.  SCHWIND 

Conceptual  Solutions,  Inc. 

HARRY  SIDENT0PF 

Air  Line  Pilots  Association 

628  Craig  St. 

FAA/AAS-100 

535  Herndon  Pkwy. 

Sonoma,  CA  95476 

800  Independence  Ave..  SW 

Herndon,  VA  22070 

USA 

Washington,  DC  20591 

USA 

707-996-2669 

USA 

703/689-4188 

FRANK  SHEA 

202/267-8765 

CLIFFORD  A.  SCOTT 

Delta  Air  Lines,  Inc. 

JOHN  A.  SILL 

Transport  Canada/ AARRE 

Hartsfield  Atlanta  Inti.  Airport 

Federal  Express  Corp. 

200  Kent  St. 

Atlanta,  GA  30320 

2799  Sprankel  Rd. 

Ottawa,  Ontario  KIA  ON8 

USA 

Hangar  #8 

CANADA 

404/715-7284 

Memphis.  TN  381 18-0814 

613/9.90-100.9 

KELLEY  SCOTT 

JOHN  A.  SHEARER 

Safeflite  Systems 

USA 

901/797-7247 

Off.Tech.  AssessAl.S.  Congress 

P.O.  Box  270 

RIC  SILVERBERG 

SET  Program 

Chapel  Hill,  NC  27514 

Silco  Distributing  Co. 

600  Pennsylvania  Ave.,  SE 

USA 

5915  Broadway 

Washington,  DC  20510 

919/968-8343 

Denver,  CO  80216 

USA 

202/228-6946 

BASSIM  D.  SHEBARO 

U.S.  Air  Force 

USA 

303/292-2000 

WILLIAM  J.  SCOn 

AFCEE/ESP 

DON  SIMONS 

DHL  Airways,  Inc. 

Brooks  AFB.TX  78235 

FAA/ATM  120.2 

P.O.Box  75122 

USA 

800  Independence  Ave.,  SW 

Cincinnati,  OH  45275 

512/536-3517912/02 

Washington,  DC  20591 

USA 

606/283-2232 

WILLIAM  SHEPHERD 

FAA/AAM-240 

USA 

202/267-9135 

DONNIE  SEXTON 

800  Independence  Ave.,  SW 

SANDRA  SIMPSON 

Blue  Grass  Airport 

Washington,  DC  20591 

NTSB 

4000  Versailles  Rd. 

USA 

490  L'Enfant  Plaza  East.  SW 

lexington,  KY  40510 

202/366-6910 

Washington,  DC  20594 

USA 

USA 

606/254-9336 

202/382  6674 
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JENNIFER  G.  SIMS 

JEFFERY  SMITH 

FMC  Corp. 

American  Diversified 

7300  Presidents  Dr. 

4443  Pleasant  Ave.  South 

Orlando,  FL  32809 

Minneapolis,  MN  55409 

USA 

USA 

407/850-2893 

612/822-1641 

FRANK  SKUBIS 

LAWRENCE  G.  SMITH 

United  Parcel  Service 

FAA/AAI-100 

725  Beanblossom  Rd. 

800  Independence  Ave.,  SW 

Louisville,  KY  40213 

Washington,  DC  20591 

USA 

USA 

502/363-8808 

202/267-7619 

'.•'IL'J'.M  F.  SLADE 

HAY  SNEDEGAR 

Hale  Fire  Pump  Company 

Airborne  Express 

700  Spring  Mill  Ave. 

145  Hunter  Dr. 

Conshohocken,  PA  19428 

Wilmington,  VA  45177 

USA 

USA 

215/679-4193 

513/382-5591 

GEORGE  SLAUGHTER 

ALAN  S0DERSTR0M 

United  Parcel  Service 

USAF 

1400  N.  Hurtsboume  Pkwy. 

Andrews  AFB,  MD  20331 

Louisville,  KY  40223 

USA 

USA 

301/981-3625 

502/329-6052 

SEPTRINIA  S0EPARNADI 

HAROLD  SMETANA 

Indonesian  Aircraft  Industry 

FAA/AAS-3 

•JL  I’cQajaran  No.  154 

800  Independence  Ave.,  SW 

PTIPTN 

Washington,  DC  20591 

Bandung,  40174 

USA 

INDONESIA 

202/267-8778 

022-633900x2412 

BARBARA  J.  SMITH 

EDMOND  L.  SOLIDAY 

FAA/ATM-120 

United  Airlines 

800  Independence  Ave.,  SW 

PO  Box  66100 

Washington,  DC  20591 

Chicago,  IL  60666 

USA 

USA 

202/267-9384 

708/952-4224 

COLIN  SMITH 

GERALD  E.  SOPER 

United  Airlines 

WPC  Companies 

SFO 

1915  Peters  Rd. 

San  Francisco,  CA  94128-3800 

USA 

No.  207 

Irving,  TX  75061 

415/876-3712 

USA 

JAMES  C.  SMITH 

214/438-1877 

HQ  USAF/SE 

RALPH  SORRELLS 

The  Pentagon 

Mitsubishi  Heavy  Inri.,  Inc. 

Washington,  DC.  20330 

15303  Dallas  Parkway 

USA 

Ste.  685  Ld-77 

703/614-3341 

Dallas,  TX  75248 

USA 

214/980-5001 

GEORGE  S0TER0P0UL0S 

FAA 

FAA/A1R-120 

800  Independence  Ave.,  SW 
Washington,  DC  2059! 

USA 

International 

202/267-9796 

Conference 

L.  LANE  SPECK 

FAA/AIP-1 

On  Airplane 

800  Independence  Ave.,  SW 
Washington.  DC  30591 

USA 

202/267-9205 

Ground  Deicing 

MARTIN  SPEISER 

” 

FAA/AAI-100 

800  Independence  Ave.,  SW 
Washington,  DC  20591 

USA 

202/267/8629 

May  28 -29, 1992 

LOREN  SPENCER 

SACA 

4105  27th  St.,  No. 

Arlington,  VA  22207 

USA 

703/527-2424 

CHARLES  H.  SPRINKLE 

N'OAA 

1325  East-West  Hwy. 

Silver  Spring,  MD  20910 

USA 

301/713-1726 

J.D.  SQUIRES 

Air  Transport  Assoc,  of  Canada 

747  Metropolitan  Life  Bldg. 

39  Bank  St. 

Ottawa,  ON  KIP  6B9 

CANADA 

613/233-7727 

NORMAN  ST.  PETER 

American  Airlines 

AA  Flight  Academy,  MD-843 

P.O.Box  619617 

DFW  Airport,  TX  75261-9617 

USA 

817/967-5453 

307 


RICHARD  ST.ONGE  JR. 

Comair 

CinTNorth  KY  Int’l  Airport 
PO  Box  75021 
Cincinnati,  OH  45275 
USA 

606/525-2550 

WARREN  G.  STANNARD 
CT  Dept,  of  Transportation 
P.O.  Box  A 

Wetherfield,  CT  06129 
USA 

202/292-2032 

THOMAS  G.  STEERS 

Douglas  Aircraft  Co. 

3855  Lakewood  Blvd. 

Long  Beach,  CA  90846 
USA 

310/693-3374 

DAVID  J.  STODDARD 

United  Airlines 

O'Hare  Int’l.  Airport/OROFO 

P.O.  Box  66140 

Chicago,  IL  60666 

USA 

312/601-4309 

LARRY  C.  ST0LARCZYK 

RIMtech,  Inc. 

9056  Marshall  Ct. 
Westminster,  CO  80030 
USA 

505/445-3607 

TERRY  STONE 

Fokker  Aircraft  U.S.A,  Inc. 

1 199  North  Fairfax  Street 
Alexandria,  VA  22314 
USA 

703/838-0100 

DAVID  STRAFUSS 
American  Airlines 
3800  N.  Mingo  Rd. 

Tulsa,  OK  74151 
USA 

918/292-24:18 

RICHARD  STRAUB 

SHC 

40  N.  Prospect  Ave. 
Lynbrook,  NY  11563 
USA 

516/887-1426 
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ROBERT  STRIEGEL 

ALPA 

535  Herndon  Parkway 
PO  Box  1169 
Herndon,  VA  22070 
USA 

703/689-4101 

WAYNE  SI.'CKOW 

USAir 

Greater  Pittsburgh  Int’l  Airport 

Pittsburgh,  PA  15231 

USA 

412/472-7324 

HARRY  SUMMITT 

Bruce  A.  Liesch  Associates,  Inc. 

13400 15th  Ave.  No. 

Minneapolis,  MN  55441 

USA 

612/559-1423 

DAVID  C.  SUOMI 
City  of  Chicago 
5700  South  Cicero  Ave. 

Chicago,  IL  60638 
USA 

312/767-0500 

KEN  SUSK0 

Falcon  Deicing  Inc. 

43  Griffith  St. 

Salem,  NJ  08079 
USA 

516/285-6066 

SHIZU0  SUZUKI 
Japan  Airlines 
6-3,  Haneda  Airport 
1  Chome  Ota-Ku 
Tokyo,  144 
JAPAN 

81/3-3747-2296 

ROBERT  SWAIM 

NTSB 

490  L’Enfant  Plaza  SW 
Washington,  DC  20594 
USA 

202/382-6716 


JIM  SWARTZ 
Northwest  Airlines 
5101  Northwest  Dr. 

C1510 

St.  Paul,  MN  55111-3034 
USA 

612/727-4841 

BARRY  M.  SWEEDLER 

NTSB 

490  L’Enfant  Plaza  E.,  SW 
Rm.  6415 

Washington,  DC  20594 
USA 

202/382-6810 

J.  R.  SW0AP 

Delta  Petroleum  Co. 

800  River  Rd. 

New  Orleans,  LA  70087 
USA 

504/467-1399 

W.H.  SYBL0N 

American  Airlines 

AA  Flight  Academy,  MD-843 

P.O.  Box  619617 

DFW  Airport,  TX  25261-9617 

USA 

817/967-5151 

MASANARI  TAKAHASHI 
Japan  Airlines 
1-1.  Haneda  Airport 
2  Chome, 

Otaku,  Tokoyo  144 
JAPAN 

81/3-3747-3480 

LINDA  TAVLIN 

Tavlin  Training 

2301  S.  Jefferson  Davis  Hwy 

Ste.  823 

Arlington,  VA  22202 
USA 

703/418-2811 

DAN  TAYLOR 

FAA/APO-120 

800  Independence  Ave..  SW 
Washington,  DC  20591 
USA 

212/267-3302 


FAA 

International 

Conference 
On  Airplane 
Ground  Deicing 


May  28 -29, 1992 


EDWARD  L.  TAYLOR 

KIT  THOMPSON 

Trans  World  Airlines 

DHL  Airways,  Inc. 

11495  Natural  Bridge  Rd. 

535  Herndon  Pkwy. 

Bridgeton,  MO  63044 

Herndon,  VA  22070 

USA 

USA 

314/895-6730 

703/689-4229 

JAMES  TAYLOR 

SHAWN  THOMPSON 

Airborne  Express 

5416  Willow  Valley  Road 

Airborne  Air  Park 

Clifton,  VA  22024 

145  Hunter  Dr. 

USA 

Wilmington,  OH  45177 

USA 

GLENN  THORNTON 

513/382-5591x254 

SIV  Group 

151  St.  Paul  St. 

LARRY  TAYLOR 

Rochester,  NY  14604 

America  West  Airlines 

USA 

4000  E.  Sky  Harbor  Blvd. 

716/232-5080 

Phoenix,  AZ  85034 

USA 

JOSEPH  F.  TILSON 

602/693-8488 

Inspect.  &  Safety  Center 
USAF 

WESLEY  TE  WINKLE 

Norton  AFB.CA  92409-7001 

FAA/AFS-430 

USA 

800  Independence  Ave.,  SW 

714/382-6844 

Washington,  DC  20591 

USA 

TIM  TIMMINS 

202/267-372 8 

Transport  Canada,  (AARXB) 
200  Kent  St. 

BENGT  TEGNHED 

5th  Floor,  Area  A 

Liqjeflyg 

Ottawa,  ON  K7P2J8 

Stockholm,  Arlanda 

CANADA 

SWEDEN 

613/990-2600 

70-38-380100x686 

JOHN  TOCHER 

DAVID  W.  THOMAS 

Delta  Air  Lines,  Inc. 

Butler  Aviation 

1010  Delta  Blvd. 

BW1  Int’l  Airport 

Atlanta,  GA  30320 

BW1,  MD  21240 

USA 

USA 

404/715-1045 

301/859-4000 

ROBERTS.  TOTH 

GARY  THOMAS 

USAir,  Inc. 

Lewellyn  M/g. 

Gr.  Pittsburgh  Int’l.  Airport 

3109  Fountaine  St. 

Pittsburgh,  PA  15231 

Memphis,  TN  381 16 

USA 

USA 

412/747-3966 

901/345-2240 

PATRICK  TOTTON 

JAMES  K.  THOMPSON 

Airport  Development  Corp. 

Thompson  Enterprises 

1881  YongeSt, 

1 101 S.  Arlington  Ridge  Rd. 

Ste.800 

Ste.406 

Toronto,  ON  M4S  3C4 

Arlington,  VA  22202 

CANADA 

USA 

703/521-0701 

416/322-9600 

RAYMOND  TOWLES 

FAA 

FAA,  Flight  Standards  Dist.  Office 
MN-FS00-03 

5440  Roslyn  St.,  Ste.  201 

Denver,  CO  80216 

International 

USA 

303/286-5653 

Conference 

EMILY  TRAPNELL 

On  Airplane 

FAA 

American  Embassy 

Grosvenor  Square 

London,  WLA  AE 

Great  Britain 

44-71-449-9000 

Ground  Deicing 

HOWARD  C.  TRESS 

United  Airlines 

SFO  International  Airport 

Maint.  Ops.  Center,  Bldg.  47 

San  Francisco,  CA  94128-3800 

USA 

415/737-6775 

May  2-'  -  29, 1992 

DONALD  J.  TROMBLEY 

ATAA 

1709  New  York  Ave,  NW 

Washington,  DC  20006 

USA 

202/626-4026 

F.RAY  TURNER 

General  Dynamics  Corp. 

P.O.  Box  748 

Fort  Worth,  TX  76101 

USA 

817/763-1576 

STEVE  TURNQUIST 

Continental  Express 

3663  Sam  Houston  Parkway 

Ste  118 

Houston,  TX  77032 

USA 

409/372-5372 

JOHN  TUT0RA 

FAA/AFS-330 

800  Independence  Ave,  SW 
Washington,  DC  20691 

USA 

202/267-3440 

FAA 

DOUGLAS  D.  TWINAM 

ALBERT  VAN  DYKE 

GIOVANNI  VITULLI 

Delta  Airlines 

Comair 

Alitalia  Airlines 

International 

Hartsfield  international  Airport 

P.O.Box  75021 

Leonardo  Da  Vinci  Airport 

Atlanta,  GA  30320 

Cincinnati,  OH  45275 

DOT/EGT 

USA 

USA 

Rome-Fiumicino, 

Conference 

404/715-1007 

606/525-3407 

Italy 

JAMES  E.  TYLER  III 

JACK  VAN  HENGST 

396  60103033 

On  Airplane 

Federal  Express 

Fokker  Aircraft 

JOSEPH  D.  VREEMAN 

U.S.  Mail  Box  727 

1 199  N.  Fairfax  St. 

ATAA 

Ground  Deicing 

Memphis,  TO  38194-0133 

USA 

Alexandria,  VA  22306 

USA 

1709  New  York  Ave.  NW 
Washington,  DC  20006-5206 

901/797-7384 

703/838-0100 

USA 

WARREN  M.  UNDERWOOD 

LARRY  VAN  HOY 

202/626-4147 

May  28 -29, 1992 

Delta  Air  Lines,  Inc. 

FAA 

JOHN  A.  WAKELIN 

Dept.  568 

FAA  Technical  Center 

Octagon  Process,  Inc. 

Hartsfield  International  Airport 

Atlantic  City  Inti.  Airport 

The  Marketplace  at  Edgewater 

Atlanta,  GA  30320 

Atlantic  City,  NJ  08405 

725  River  Rd. 

USA 

USA 

Edgewater,  NJ  07020 

404/714-3151 

609/484-5138 

USA 

ED  UPTON 

WILLEM  VAN  RIJN 

201945-9400 

Fokker  Aircraft 

Fokker  Aircraft 

ERIC  N.  WALDRON 

1 199  N.  Fairfax  St. 

1 199  N.  Fairfax  St. 

Port  Columbus  Inti.  Airport 

Alexandria,  VA  22306 

Alexandria,  VA  22306 

4600  International  Gateway 

USA 

USA 

Columbus.  OH  43219 

703/838-0 100 

703/838-0100 

USA 

RICHARD  P.  URIAN 

BOB  VANDEL 

614/239-4004 

General  Atomics 

Flight  Safety  Foundation 

KEN  WALPER 

1100  17th  St.,  NW 

2200  Wilson  Blvd. 

Transport  Canada  Airworthiness 

Suite  1200 

Ste.  500 

Transport  Canada  Bldg/AARDA 

Washington,  DC  20036 

Arlington.  VA  22201 

Place  de  Ville 

USA 

USA 

Ottawa,  Ontario  KIA  ON8 

202/659-3140 

703/522-8300 

CANADA 

WALTER  0.  VALAREZ0 

VINCENT  VENTURA 

613/952-4349 

McDonnell  Douglas 

SAGE  Corp. 

DAVID  R  WARD 

3855  Lakewood  Blvd. 

30  N.  Prospect  Ave. 

.American  Airlines 

Mail  Code  36-41 

Lynbrook,  NT  11563 

P.O.  Box  619616 

Long  Beach,  CA  90846 

USA 

MD/5405.  HIXJ 

USA 

516/887-1426 

DRV  Airport.  TX  75261-9616 

310/593-3343 

BILLY  VESTERGAARD 

USA 

817/967-1722 

REINDER  VAN  DUINEN 

Company  G.  Vestergaard  /VS 

Fokker  Aircraft 

Niels  Frederiksensvej  18 

L0Y  WARREN 

1 199  N.  Fairfax  St. 

Korn  crop.  DK-4000  Roskilde 

HNTB 

Alexandria,  VA  22306 

DENMARK 

7007  College  Blvd. 

USA 

45/463-83100 

Overland  Park,  KS  6621 1 

703/838-0100 

USA 

913/491-9333 

310 


TED  WARREN 
Garrett  Canada 
255  Attwell  Dr. 

Rexdale,  ON  M9W  6L7 
CANADA 

416/675-1411-6783 

BEREND  WARRINK 
Fokker  Aircraft 
1 199  N.  Fairfax  St. 

ED  100 

Alexandria,  VA  22306 
*  USA 

RICHARD  R.  WATTERS 
Andrews  Air  Force  Base 
89  AW/Andrews  AFB 
OPG/DOV  Office 
Andrews  AFB,  MD  20331 
USA 

301/981-3061 

W.H.  WATTS 

Delta  Airlines 

Hartsfield  International  Airport 
Flight  Ops,  Tech  Support  Dept.  029 
Atlanta,  GA  30320 
USA 

404/715-1079 

JON  WEAVER 
Continental  Express 
15333  JFK  Blvd. 

Ste.  600 

Houston,  TX  77032 
USA 

713/985-2656 

BILLY  G.  WEBBER 
Zantop  Inti.  Airlines 
840  Willow  Run  Airport 
Ypsilanti,  MI  48198 
USA 

313/485-8900 

JOHN  WEILKE 
Airborne  Express 
145  Hunter  Dr. 

Wilmington,  OH  45371 
USA 

513/382-5591x2344 


GREGORY  WELLS 
Dryden  Commission 
Transport  Canada  Aviation  Reg. 
1360  Laurier  Ave.  W. 

Ottawa,  Ontario  K1A  ON8 
CANADA 

GUY  WELLS 
USAF/Civil  Engineering 
HQ  USAF/CEV  Bldg.  516 
Bolling  Air  Force  Base 
Washington,  DC  20332-5000 
USA 

202/767-0276 

DAVID  C.  WENSLEY 

TDG  Aerospace,  Inc. 

7020  Koll  Ctr.  Pkwy. 

Ste.  138 

Pleasanton,  CA  94566-3107 
USA 

510/417-0910 

RICHARD  WENTWORTH 

NTSB 

490  L'  Enfant  Plaza  East  SW 
Washington,  DC  20594 
USA 

202/382-6665 

DOUG  WESLEY 

NCAR 

P.O.  Box  3000 
Boulder,  CO  80307 
USA 

303/497-8453 

MICHAEL  WEST 

Maryland  Aviation  Administration 
P.O.  Box  8766 
Baltimore,  MD  21240-0766 
USA 

410/859-7068 

NIGEL  WESTLAKE 

Kilfrost 
Albion  Works 
Haltwhistle 

Northumberland  NE49  OH.I 
UK 

44-434  321500 


JOHN  WEYRICH 

Allied  Pilots  Assoc. 

P.O.  Box  5524 
Arlington,  TX  76005 
USA 

214/988-3188x238 

RICK  WHEELER 

Air  Line  Pilots  Association 

535  Herndon  Pkwy. 

Herndon,  VA  22070 
USA 

703/689-4189 

LAWRENCE  G.  WHITE 

Federal  Express  Corp. 
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